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INTRODUCTION 

Municipal  wastewater  treatment  facilities  handle  a  variety  of  com¬ 
binations  of  industrial,  commercial  and  residential  wastes,  all  of  which 
contain  complex  mixtures  of  volatile  organic  compounds.  Many  of  these 
volatiles  are  known  to  pose  a  potential  health  risk  to  personnel  working  in 
the  sewers  or  in  the  wastewater  treatment  plant  itself.  Recent  surveys  by 
the  National  Institute  for  Occupational  Safety  and  Health  (NIOSH)  of  a 
wastewater  collection  system  have  detected  dangerous  concentrations  of 
vapors  in  some  of  the  sewer  airspaces  (13,14).  However,  the  complex 
mixtures,  the  variable  nature  of  the  wastewater  and  the  multiplicity  of 
confounding  factors  complicates  the  measurement  and  assessment  of  the 
potential  risks. 

Various  approaches  have  been  proposed  to  assess  the  concentrations  of 
organic  chemicals  in  sewer  airspaces  such  as  the  measurement  of  individual 
compounds  in  the  air,  the  use  of  direct  reading  organic  vapor  detectors  and 
the  prediction  of  maximum  possible  air  concentrations  based  on  wastewater 
data.  Little  information  is  available  on  the  composition  and  variability 
of  the  air  concentrations  in  airspaces  above  wastewater. 

An  opportunity  to  address  some  of  these  issues  was  available  by 
conducting  air  and  water  quality  monitoring  where  incoming  wastewater 
enters  each  of  the  three  largest  wastewater  treatment  plants  of  the 
Metropolitan  Sewer  District  of  Greater  Cincinnati,  Ohio  (MSD).  These 
influent  areas  are  located  in  structures  that  extend  below  the  surface  of 
the  ground  to  coincide  with  the  location  of  incoming  wastewater,  are 
enclosed,  and  are  locations  frequented  routinely  by  workers.  Another 


factor  making  these  plants  suitable  for  study  was  that  each  received  a 
different  proportion  of  industrial  waste  and  varied  by  more  than  an  order 
of  magnitude  with  respect  to  their  size. 

The  objectives  of  this  study  were  as  follows: 

1)  Characterize  and  compare  the  variability  in  air  and  water  con¬ 
centrations  both  within  and  between  each  of  the  influent  areas  of  the  three 
different  wastewater  plants  in  Cincinnati,  Ohio. 

2)  Compare  analytical  determinations  for  specific  compounds  to  total 
organic  vapor  concentrations  determined  by  direct  reading  instruments. 

3)  Determine  the  correlation  between  vapor  and  water  concentrations 
of  total  organics  and  individual  compounds. 

4)  Evaluate  and  compare  four  different  schemes  for  assessing  the  risk 
from  exposure  to  vapor  concentrations  in  wastewater  facilities. 

The  individual  compounds  for  which  analyses  were  performed  were  the 
U.S.  Environmental  Protection  Agency  (EPA)  volatile  organic  priority 
pollutants  (15).  Water  concentrations  for  both  halocarbons  and  aromatics 
were  determined  by  EPA  methods  601  and  602  (40  CFR  Part  136)  (25,26).  » 


BACKGROUND 


Industries  in  the  United  States  discharge  over  1  trillion  gallons  of 
wastewater,  most  of  which  is  untreated,  to  public  sewers  each  year.  Other 
chemical  discharges  occur  from  commercial  and  residential  sewer  users. 
The  content  and  concentrations  of  these  discharges  varies  dramatically 
from  one  plant  to  another  and  from  one  hour  to  the  next. 

Until  the  past  four  or  five  years,  there  was  almost  no  existing 
information  regarding  health  hazards  posed  to  personnel  working  in 
wastewater  treatment  plants  and  sewer  airspaces  due  to  exposure  to  organic 
chemicals.  The  primary  reason  for  this  lack  of  information  resided  in  the 
fact  that  identification  and  quantification  of  trace  amounts  of  organic 
chemicals  was  beyond  the  scope  of  existing  analytical  instrumentation  and 
techniques  and  because  of  the  enormous  number  of  possible  sampling 
locations.  As  analytical  instrumentation  and  techniques  became  more 
sophisticated  and  more  available  for  practical  use,  interest  increased 
regarding  wastewater  contents  and  concentrations  primarily  from  the 
point-of-view  of  the  plants'  effluents  into  nearby  bodies  of  water  (rivers 
and  lakes).  Initially  wastewaters  were  analyzed  for  specific  classes  of 
compounds  such  as  polynuclear  aromatic  hydrocarbons  (Reichert,  et  al., 
1971)  (2)  and  polychlorinated  biphenyls-PCB's  (Schmidt,  et  al.,  1971)  (3) 
and  (Lawrence,  et  al.,  1976)  (4).  In  1976,  in  response  to  complaints 
concerning  the  enforcement  of  the  Clean  Water  Act,  the  Environmental 
Protection  Agency  issued  a  list  of  127  priority  pollutants  (5).  At  about 
the  same  time  Glaze,  et  al.,  1976  (6)  and  Chian  and  DeWalle,  1983  (7) 
identified  a  wide  range  of  compounds  in  wastewater  effluents.  Shortly 
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thereafter,  the  U.S.  EPA  (and  their  contractors)  also  published  several 
studies  of  toxic  chemicals  present  in  wastewaters  (Cohen,  et  al.,  1981  (1), 
Pelizzari,  1981  (8),  Kyosai,  et  al.,  1981  (10),  Petrasek,  et  al.,  1981 

(ID). 

However,  the  aforementioned  studies  concentrated  on  characterizing 
the  wastewaters  without  regard  for  the  potential  to  adversely  affect  the 
workers  in  these  wastewater  treatment  plants.  In  1980  and  1981  the 
National  Institute  for  Occupational  Safety  and  Health  (NIOSH)  performed 
two  Health  Hazard  Evaluations  (HHE),  one  in  response  to  workers  at  a 
collapsed  sewer  in  Cincinnati  (12)  and  the  other  a  general  survey  of  the 
sewerage  system  in  Cincinnati  (13).  In  contrast  to  previous  work,  NIOSH's 
study  focused  on  worker  exposures  to  chemicals  present  in  the  wastewater 
and  surrounding  airspaces.  NIOSH  concluded  that  the  potential  for  a  health 
hazard  did  exist  and  that  appropriate  corrective  and  protective  measures 
should  be  taken. 

In  this  same  time  frame,  Toogood  and  Hobson,  1980  (14)  at  the  water 
Research  Centre  in  Great  Britain  published  a  method  for  "Determination  of 
Safe  Limits  for  the  Discharge  of  Volatile  Materials  to  Sewers."  This  study 
proposed  a  method  by  which  the  maximum  air  concentrations  could  be 
predicted  from  the  wastewater  concentrations  by  assuming  equilibrium 
concentrations  in  aqueous  and  vapor  phases. 

Lurker,  1982,  1983  (15,37)  looked  at  the  volatilization  of  organic 
compounds  from  the  activated  sludge  process  within  a  sewage  treatment 
plant  receiving  pesticide  wastes.  Decker,  1980  (16)  and  Staley  (17) 
studied  the  fugitive  emissions  from  a  toxic  waste  incinerator;  the  former 


was  concerned  with  worker  exposure  and  the  latter  with  general  en¬ 
vironmental  contamination. 

However,  until  quite  recently  very  little  actual  measurement  of  the 
variability  of  air  concentrations  of  airspaces  in  sewers  and  wastewater 
treatment  facilities  had  been  undertaken.  In  1983,  Barsky  (18)  performed 
a  study  comparing  three  direct  reading  instruments  in  the  presence  of  high 
humidity  and  then  further  tested  these  instruments  in  several  sewer 
locations  and  at  the  influent  (wet  well  area)  of  a  wastewater  treatment 
plant  in  Cincinnati.  Barsky's  study  (18)  coupled  with  NIOSH's  studies 
(12,13)  and  Toogood  and  Hobson's  proposal  (14)  formed  the  basis  for 
formulating  the  objectives  of  this  thesis.  In  addition,  a  study  performed 
by  Black  and  Veatch  (19)  for  the  Metropolitan  Sewer  District  (Mrr>'  of 
Greater  Cincinnati  provided  an  indication  of  some  of  the  compounds  present 
in  the  wastewater  and  their  variability  at  two  of  the  plants  in  this  study. 
The  third  plant  had  previously  been  monitored  under  an  EPA-sponsored 
effort  (37). 


PLANT  DESCRIPTIONS 


The  three  plants  involved  in  this  study  are  all  located  in  the 
Cincinnati  area  and  are  operated  by  the  Metropolitan  Sewer  District  of 
Greater  Cincinnati  (MSD)  for  the  Hamilton  County  Commissioners.  A  map  of 
the  MSD  service  areas  is  presented  in  Figure  1  and  shows  the  location  of 
each  of  the  following  wastewater  treatment  plants: 

1)  Mill  Creek  Plant 

2)  Muddy  Creek  Plant 

3)  Little  Miami  Plant 

This  study  concentrates  on  the  initial  influent  area  of  each  plant 
which  is  located  immediately  after  the  distribution  chamber  that  receives 
all  incoming  raw  wastewater  flow  from  the  sewerage  system.  From  the 
distribution  chamber,  the  wastewater  enters  the  bar  screen  or  bar  rack.  The 
bar  screen  removes  large  foreign  objects  from  the  wastewater  in  order  to 
protect  the  pumps.  From  the  bar  screen,  the  wastewater  flows  into  the  wet 
well  where  the  wastewater  is  pumped  from  the  wet  well  to  an  elevation  that 
will  permit  gravity  flow  throughout  the  rest  of  the  treatment  process.  All 
air  and  water  sampling  was  conducted  immediately  adjacent  to  the  bar  screen 
area,  after  the  diversion  chamber  and  before  the  wastewater  enters  the  wet 
well /pump  area. 

Mill  Creek  Treatment  Plant 

The  Mill  Creek  Plant  is  one  of  the  largest  wastewater  treatment  plants 
operated  by  MSD  and  it  services  the  highly  industrialized  Mill  Creek  Valley 
(Figure  1).  It  has  a  service  area  of  approximately  133  square  miles  and 
serves  over  a  half  million  persons.  The  Mill  Creek  Plant  is  designed  to 

) 
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handle  a  dry  weather  flow  of  120  million  gallons  per  day  (MGD)  and  has 
facilities  to  handle  a  maximum  of  360  MGD  of  combined  wastewater  and  storm 
flow. 

Figure  2  shows  the  four  Mill  Creek  interceptors  that  feed  into  and  mix 
in  the  diversion  chamber  which  then  forms  the  combined  flows  which  enter 
the  bar  screen  and  wet  well.  Figure  3  is  a  diagram  of  the  screen  building 
which  houses  two  parallel  protective  screening  devices.  The  material 
caught  on  the  bars  of  the  screening  devices  is  removed  by  traveling  rakes 
and  deposited  in  large  containers  for  disposal. 

The  Mill  Creek  Plant  bar  screen  area  is  ventilated  using  forced  air 
ventilation  as  opposed  to  exhaust  ventilation  in  an  attempt  to  shift  the 
liquid-air  equilibrium  backwards  in  favor  of  the  liquid  phase.  Air  ducts 
about  12  inches  in  diameter  bring  air  from  the  roof  of  the  bar  screen 
building.  The  ducts  extend  down  to  about  2  meters  above  the  working  floor 
just  above  the  incoming  wastewater.  This  ventilation  provides  between  5 
and  10  room  air  changes  per  hour. 

In  addition  to  raw  wastewater  entering  the  plant,  some  return  flow 
from  the  plant  was  also  being  recycled  into  the  interceptors  from  the 
sludge  digestor  ("heavy"  supernatant)  and  the  thermally  conditioned  sludge 
thickener  (from  the  ZIMPRO  process).  The  magnitude  of  these  return  flows 
range  between  0  and  10  MGD. 

Muddy  Creek  Treatment  Plant 

The  Muddy  Creek  Plant  provides  wastewater  treatment  from  the  largely 
residential  areas  in  western  Hamilton  County  (Figure  1).  This  plant 
services  approximately  22  square  miles  and  is  designed  to  handle  a  dry 


weather  flow  of  15  MGD. 


The  Muddy  Creek  Plant  has  two  interceptors  which  feed  into  the 
diversion  chamber:  the  East  Branch  Muddy  Creek  Interceptor  and  the  West 
Branch  Muddy  Creek  Interceptor.  This  plant  has  a  stationary  bar  screen 
which  must  be  cleaned/raked  by  hand.  The  bar  screen  area  is  also  totally 
open  to  the  upper  floors  of  the  pump  building.  The  bar  screen  is  ventilated 
only  by  general  building  ventilation.  However,  due  to  the  low  capacity  and 
primarily  residential  wastewater  the  risk  to  employees  is  lower  than  at  a 
larger  or  more  industrialized  plant. 

Little  Miami  Treatment  Plant 

The  Little  Miami  Plant  is  the  second  largest  wastewater  treatment 
plant  operated  by  MSD  and  services  approximately  86  square  miles  in  eastern 
Hamilton  County  (Figure  1).  The  Little  Miami  Plant  is  designed  to  handle 
a  dry  weather  flow  of  38  MGD  and  has  facilities  for  handling  a  maximum  of 
98  MGD  of  combined  wastewater  and  storm  flow. 

The  Little  Miami  Plant  has  one  primary  interceptor  which  flows  into 
three  interconnected  collection  and  flood  control  chambers  before  entering 
either  of  the  two  pump  buildings.  The  newer  pump  building  normally  handles 
the  majority  of  the  wastewater  flow  and  is  similar  in  design  to  that  of  the 
Mill  Creek  Plant.  It  has  automated  bar  screen  rakes  and  is  essentially 
separated  from  the  rest  of  the  building.  The  Little  Miami  Plant  also  uses 
forced  air  ventilation  similar  to  that  at  the  Mill  Creek  Plant. 
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SAMPLING  METHODS 
Sampling  and  Analysis  Plan 

This  study  involved  two  separate  aspects:  field  surveys  of  the 
influent  (wet  well)  area  with  direct  reading  instruments  and  simultaneous 
collection  of  water  and  air  samples  for  laboratory  analysis.  The  field 
studies  were  designed  to  evaluate  the  two  different  direct  reading 
instruments:  the  portable  Century  Organic  Vapor  Analyzer  (OVA)  equipped 
with  a  flame  ionization  detector  (FID)  and  the  portable  H-NU  equipped  with 

a  photoionization  detector  (PID-11.7  eV).  Both  instruments  measure  total 
hydrocarbons  in  parts  per  million  (PPM),  but  are  responsive  to  different 

compounds  with  varying  sensitivities.  The  water  and  air  samples  for 
laboratory  analysis  were  collected  to  determine  actual  concentrations  of 
individual  compounds  present  in  both  the  water  and  the  air.  These 
concentrations  were  then  correlated  with  total  levels  determined  on  the 
direct  reading  instruments.  The  concentrations  found  in  the  water  were 
also  correlated  with  the  concentrations  in  the  air.  This  study  was  also 
designed  to  characterize  both  the  influent  quality  and  the  resultant 
atmospheric  quality  at  three  different  waste  treatment  plants  within  the 
MSD.  The  variability  within  each  plant  was  monitored  hourly  and  daily  and 
the  three  plants  were  compared  to  each  other  with  respect  to  their 
variability.  Air  and  water  data  were  also  applied  to  four  basic  methods  of 
assessing  personnel  exposure  to  volatile  organic  chemicals:  1)  pre¬ 
dictions  from  water  concentrations,  2)  air  sampling  for  specific  com¬ 
pounds,  3)  direct  reading  instruments  to  determine  total  volatiles,  and  4) 
determination  of  vapor  head  space  analysis. 
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Sampl ing 

Samples  were  collected  on  seven  consecutive  days  at  three  different 
sewage  treatment  plants  for  8-12  hours  each  day.  The  three  plants  studied 
were  all  part  of  the  MSD  and  were  as  follows: 

1)  Mill  Creek  Sewage  Treatment  Plant 

2)  Muddy  Creek  Sewage  Treatment  Plant 

3)  Little  Miami  Sewage  Treatment  Plant 

The  sampling  was  conducted  in  the  wet  well/bar  screen  area  which  is  the 
initial  point  where  the  combined  industrial,  domestic  and  commercial 
wastewater  flow  enters  the  sewage  treatment  plants.  The  sampling  was 
conducted  between  9  August  1982  and  6  September  1982. 

Three  direct  reading  instruments  were  used:  1)  a  Century  Organic 
Vapor  Analyzer  (OVA)  with  a  flame  ionization  detector  (FID),  2)  a  H-NU 
photoionization  detector  (PIO)  equipped  with  an  11.7  eV  lamp,  and  3)  a 
Biomarine  Combustible  Gas  Meter  which  determined  percent  oxygen,  percent 
LEL  as  hexane  (lower  explosive  limit)  and  percent  methane.  These  three 
instruments  were  operated  continuously  and  monitored  visually.  Readings 
were  recorded  every  30  minutes  and  whenever  there  was  a  marked  change  in 
readings. 

Charcoal  tube  samples  were  collected  according  to  three  different 

criteria.  Eight  hour  time  weighted  average  (TWA)  samples  were  collected 

for  each  sampling  day  at  a  flow  rate  between  0.014-0.018  liters  per  minute 

(LPM).  Charcoal  tube  samples  were  also  collected  each  time  there  was  a 

marked  increase  ("peak")  in  either  of  the  direct  reading  instruments  (OVA 

and/or  H-NU).  These  "peak"  samples  were  collected  at  a  flow  rate  of  1.85 
LPM  for  the  duration  of  the  peak  unless  the  "peak"  lasted  longer  than  30 


minutes,  in  which  case  a  second  charcoal  tube  was  utilized.  At  Mill  Creek 
(the  largest  plant),  a  peak  was  defined  as  a  reading  equal  to  or  greater 
than  100  PPM.  At  the  other  two  plants  a  peak  was  defined  as  a  reading  equal 
to  or  greater  than  50  PPM.  In  addition,  charcoal  tubes  were  collected  at 
other  points  of  interest  such  as  the  outside  grate  at  Mill  Creek  and  the 
area  behind  the  bar  screen  at  Little  Miami.  These  "special"  samples  were 
collected  at  a  flow  rate  of  0.92  LPM  for  approximately  60  minutes. 

Water  samples  were  also  collected  to  correspond  with  the  "peak" 
readings.  These  water  samples  were  instantaneous  grab  samples  which  were 
collected  in  duplicate  according  to  EPA  guidelines  (40CFR,  Part  136, 
December  1979,  Methods  601,  602  and  624)  (5,25,26). 

Additional  meteorologic,  wastewater  and  plant  operating  condition 
information  was  also  collected  to  aid  in  the  evaluation  of  the  results:  1) 
wet  bulb  temperature,  2)  dry  bulb  temperature,  3)  humidity,  4)  water 
temperature,  5)  pH  of  water,  6)  water  flow  into  the  plant  in  million 
gallons  per  day  (MGD),  7)  direction  and  extent  of  ventilation,  8)  outside 
weather  conditions  (rain),  temperature,  and  9)  characteristics  of  waste- 
water  such  as  color,  smell  and  the  presence  of  detergent.  The  above 
mentioned  data  was  collected  every  30  minutes  to  coincide  with  the  direct 
reading  instrument  data.  Hereafter,  this  information  will  be  be  referred 
to  as  sampling  condition  data. 

The  samples  (water  and  charcoal)  were  collected  and  kept  on  ice  until 
time  of  analysis.  The  samples  were  analyzed  by  standard  methods  using  the 
facilities  at  the  Occupational  Environmental  Health  Lab  (OEHL),  Brooks  Air 
Force  Base,  Texas.  The  analytical  results  of  the  analyses  were  evaluated 
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using  the  University  of  Cincinnati  Statistical  Analysis  System  (SAS- 
796). 


The  results  of  this  sampling  strategy  were  examined  with  respect  to 
four  different  methods  of  assessing  personnel  exposure.  The  results  were 
first  examined  by  individual  compounds  present.  The  total  of  these 
individual  compounds  were  then  compared  to  the  direct  reading  instrument 
data.  Next  the  results  from  the  water  analyses  were  examined  in  comparison 
to  Toogood  and  Hobson's  (14)  proposal  that  predicts  the  maximum  allowable 
water  concentration  which  will  allow  the  air  concentrations  to  remain 
below  the  TLV's.  Finally,  the  water  data  was  examined  with  respect  to  the 
following  proposal  by  MSD: 

Gentlemen: 

The  MSD  intends  to  make  the  following  change  in  your  Waste- 
water  Discharge  Permit  effective  May  15,  1982. 

By  no  later  than  August  15,  1982,  the  total  concen¬ 
tration  of  organic  material  in  Permittee's  waste- 
water  shall  not  exceed  that  amount  which  causes 
a  concentration  of  300  parts  per  million  (v/v)  of 
organic  substance  in  the  vapor  space  above  a  grab 
sample  of  Permittee's  wastewater  equilibrated  at 
20°C  in  a  closed  vessle  whose  volume  is  twice  that 
of  the  wastewater  sample. 

The  MSD  proposal  which  determines  vapor  headspace  above  the  wastewater  at 
equilibrium  was  compared  to  the  water  analyses  data  that  was  analyzed  by 
the  Purge  and  Trap  method.  This  comparison  is  limited  by  the  fact  that  the 
MSD  proposal  represented  equilibrium  concentrations  while  the  Purge  and 
Trap  Method  represented  total  concentrations  forced  out  of  the  wastewater. 


ANALYTICAL  METHODS 


Instruments 

The  two  direct  reading  instruments  were  chosen  to  complement  each  other 
with  respect  to  the  compounds  that  they  would  detect  and  also  because  of 
their  portability  and  safety  in  potentially  explosive  atmospheres  such  as 
those  likely  to  be  encountered  in  sewage  treatment  plant  influent  areas. 

Century  Systems'  Portable  Organic  Vapor  Analyzer  (OVA) 

The  Century  Model  OVA-128  is  designed  to  measure  trace  quantities  of 
organic  vapors  and  gases.  It  is  incapable  of  causing  ignition  of  hazardous 
atmospheric  mixtures  and  can  measure  concentrations  ranging  from  1  to 
1,000  ppm.  The  OVA  is  a  lightweight,  portable  unit  which  can  be  operated 
on  batteries  or  by  alternating  electrical  current.  This  instrument 
functions  as  a  flame  ionization  detector  (FID).  Like  conventional  gas 
chromatographs,  the  OVA  must  be  calibrated  with  a  known  compound  and 
concentration.  A  continuous  sample  is  drawn  into  the  probe,  metered, 
filtered  and  transmitted  to  the  FID.  Inside  the  FID,  a  hydrogen  flame 
ionizes  (burns)  the  organic  vapors.  The  resultant  positively  charged  ions 
are  collected  at  a  negative  collecting  electrode  with  the  aid  of  the 
electric  field  between  the  conductors  and  the  collecting  electrode.  As  the 
carbon-containing,  positive  ions  are  collected,  a  current  is  generated  in 
relation  to  the  rate  of  collection.  This  current  is  amplified  and 
converted  to  an  output  signal  which  can  be  read  on  the  meter  or  the  recorder 
in  ppm's  based  on  the  calibration  compound  (20). 

The  OVA-FID  is  highly  sensitive  to  hydrocarbons  (saturated,  un- 
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saturated  and  aromatic)  such  as  hexane,  methane,  benzene  and  toluene  and 
similarly  sensitive  to  mono-substituted  halogenated  compounds.  The  FID  is 
less  sensitive  to  polysubstituted  halogenated  compound  and  compounds  with 
a  low  ratio  of  carbon-oxygen,  carbon-nitrogen  or  carbon-  sulfur  atoms.  For 
detection  with  the  FID,  a  compound  must  have  both  carbon  and  hydrogen  in 
its'  makeup.  Therefore,  it  has  only  a  negligible  response  to  carbon 
monoxide  (CO),  carbon  dioxide  (CO2),  ammonia  (NH4),  sulfur  dioxide  (SO2), 
hydrogen  sulfide  (H2S),  carbon  disulfide  (CS2)  and  water  (H2O)  (20). 

For  this  study  the  OVA  was  calibrated  based  on  toluene  (10,  100,  500 
PPM)  in  the  presence  of  approximately  90%  humidity  using  the  same  equipment 
and  method  described  by  Barsky  (18).  Relative  sensitivites  of  the  OVA  to 
various  compounds  are  listed  in  Table  1.  These  sensitivities  are  listed 
using  toluene  (the  calibration  standard)  as  100%  and  reflect  sensitivities 
in  dry  air  (20)  and  experimental  values  in  90%  humidity.  The  sensitivity 
was  not  significantly  altered  due  to  the  high  humidity  since  the 
calibration  compound  (toluene)  was  prepared  in  the  presence  of  90% 
humidity. 

H-NU  Systems  Photoionization  Detector 

The  H-NU  Model  PI  101  is  a  photoionization  detector  designed  to 
measure  trace  concentrations  of  gases  and  vapors.  The  H-NU  can  be  equipped 
with  several  different  lamps  or  sensors  depending  on  the  ionization 
potentials  of  the  compounds  to  be  detected  and  the  possible  interferences. 
The  sensor  is  a  sealed  ultraviolet  light  source  that  emits  photons 
energetic  enough  to  ionize  many  compounds.  The  ionized  compound  is  driven 
(by  an  electrical  field)  to  the  collector  electrode  where  the  resultant 


current  is  measured. 

The  lamp  used  for  this  study  is  the  11.7  eV  lamp.  This  lamp  responds 
to  any  gas  or  vapor  with  an  ionization  potential  less  than  or  equal  to  11.7. 
However  it  will  not  respond  to  compounds  with  ionization  potentials 
greater  than  11.7  such  as  O2,  N2,  CO,  CO2,  H2O,  CH4,  H2  or  SO2.  Unlike  the 
OVA-FID  the  H-NU-PID  will  detect  ammonia  and  hydrogen  sulfide  but  not 
methane. 

In  this  study,  the  H-NU  PID  was  also  calibrated  using  toluene  (10,100 
and  500  PPM)  in  the  presence  of  approximately  90%  humidity.  The  H-NU 
calibrated  and  functioned  properly  in  the  laboratory.  However,  in  the 
field  the  instrument's  response  deteriorated  rapidly.  After  several 
hours,  the  H-NU  no  longer  responded  to  even  the  calibration  gas.  After 
solvent  cleaning  of  the  lamp,  the  instrument  would  respond  but  with  a 
marked  decrease  in  sensitivity.  A  new  lamp  was  obtained  from  the  manu¬ 
facturer;  however,  the  result  was  identical  (See  Figure  4).  For  this 
reason  further  use  of  the  H-NU  was  discontinued.  The  11.7  lamp  has  a 
decreased  sensitivity  in  the  presence  of  high  humidity  (18).  This  dis¬ 
advantage  in  itself  could  be  compensated.  However,  in  the  presence  of  a 
mixture  of  water  vapor  and  corrosive  gases  (SO2,  NO2,  H2S)  the  lamp  did  not 
function  properly.  The  10.2  eV  lamp  may  have  operated  properly,  however, 
it  would  not  have  detected  ammonia  or  hydrogen  sulfide  and  the  10.2  eV  lamp 
is  also  somewhat  erratic  in  the  presence  of  high  humidity  (18). 

With  the  use  of  the  H-NU  coupled  with  the  OVA,  it  may  have  been 
possible  to  estimate  the  percent  contribution  of  methane,  hydrogen  sulfide 
and  ammonia.  However,  because  of  the  unreliability  of  the  H-NU  (11.7  lamp) 
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in  the  presence  of  high  humidity  combined  with  a  corrosive  atmosphere,  this 
portion  of  the  study  was  abandoned. 

Biomarine  Combustible  Gas  Meter 

A  Biomarine  Combustible  Gas  Meter  was  also  used  in  this  study 
primarily  as  a  safety  precaution.  This  direct  reading  instrument 
determines  X  oxygen,  X  LEL  hexane  (lower  explosive  level),  and  X  methane. 
This  instrument  was  also  equipped  with  an  audible  alarm.  During  the  three 
weeks  of  sampling  the  instrument  con -.istently  gave  the  following  readings: 
21%  O2,  ^2X  LEL  hexane  and  <0. IX  methane. 


ANALYTICAL  METHODS 


Laboratory  Analysis 

Overview 

All  samples  were  maintained  on  ice  following  collection,  during 
shipment  and  upon  receipt  at  the  U.S.  Air  Force  Occupational  and  En¬ 
vironmental  Health  Lao  (OEHL),  Brooks  AFB,  Texas.  The  charcoal  tubes  were 
analyzed  using  standard  NIOSH  methods  which  involved  desorption  in  carbon 
disulfide  and  subsequent  analysis  by  gas  chromatography  using  a  flame 
ionization  detector  (FID).  The  duplicate  water  samples  were  split  into 
two  sets.  The  first  set  was  analyzed  for  purgeable  halocarbons  using 
standard  EPA  method  601  (40  CFR  Part  136)  (25,26).  The  purgable 
halocarbon  method  employed  a  purge  and  trap  gas  chromatographic  set  up 
equipped  with  a  Hall  Electrolytic  Conductivity  Detector  (HECD).  The 
second  set  of  water  samples  was  analyzed  for  purgeable  aromatics  using 
standard  EPA  method  602  (40  CFR  Part  136)  (25,26).  This  method  also  made 
use  of  a  purge  and  trap  set  up;  however,  the  detector  required  was  a 
photoionization  detector  (PID).  All  of  the  samples  were  integrated  into 
the  OEHL  quality  control  program  in  order  to  verify  the  accuracy  of  the 
analytical  results. 

Analysis  of  Charcoal  Tube  Samples 
Analysis  of  the  charcoal  tubes  was  accomplished  according  to 
standard  NIOSH  procedures.  The  front  and  back  sections  of  the  charcoal 
tube  were  removed  separately  and  desorbed  in  1  milliliter  of  Baker 
Analyzed  Reagent  Grade  carbon  disulfide,  vortexed  and  allowed  to  desorb 
for  at  least  one  hour.  At  this  time  the  carbon  disulfide  mixtures 
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contai ning  the  desorbed  compounds  were  transferred  to  two-milliliter  auto 
sampler  vials.  The  samples  were  then  analyzed  automatically  by  flame 
ionization  (FID)  gas  chromatography  (GC).  Appropriate  standards  were 
selected  in  response  to  the  compounds  found  to  be  present  in  the  water  as 
well  as  other  compounds  suspected  to  be  present.  Standards  were  run  both 
individually  and  as  mixtures  in  order  to  determine  retention  times,  con¬ 
centrations  and  possible  interferences.  Each  sample  was  run  first  on  the 
10  ft.  10%  FFAP  column  as  a  screen  and  then  rerun  on  one  or  more  of  the 
three  columns  for  verification  and  additional  peak  separation.  The 
chromatographic  instrument  parameters  are  listed  on  Table  2,  detection 
limits  in  Table  3  and  the  computer  method  and  sequences  employed  in  the 
analytical  procedure  are  presented  in  Appendix  1.  In  general,  the  com¬ 
puter  method  automates  the  analysis,  by  controlling  the  run  time,  syringe 
washes,  sequence  of  injections,  and  the  method  of  peak  integration. 

Purge  and  Trap  Methods  (ERA  601/602)  for  Analysis  of  Mater  Samples 
In  the  Purge  and  Trap  Methods,  an  inert  gas  is  bubbled  through  a  five 
ml.  water  sample  contained  in  a  specially-designed  purging  chamber  at 
ambient  temperature.  The  halocarbons/aromatics  are  efficiently  purged 
from  the  aqueous  phase  to  the  vapor  phase.  The  vapor  is  passed  through  a 
sorbent  trap  where  the  halocarbons/aromatics  are  trapped.  After  purging 
is  completed,  the  trap  is  heated  and  backflushed  with  the  inert  gas  to 
desorb  the  halocarbons/aromatics  onto  a  gas  chromatographic  column.  The 
gas  chromatograph  is  temperature  programmed  to  separate  the  halo¬ 
carbons/aromatics  which  are  then  detected  with  an  electrolytic  con¬ 
ductivity  detector/photoionization  detector.  The  identification  and 
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quantification  of  the  individual  compounds  is  confirmed  using  a  second 
dissimilar  gas  chromatographic  column. 

External  standards  were  utilized  both  individually  and  as  mixtures. 
These  standards  were  prepared  according  to  standard  EPA  methods  601  and 
602.  Individual  stock  standards  were  prepared  by  weight  in  methanol 
(mg/L)  and  then  sequentially  diluted  to  the  low  pg/L  levels  in  methanol. 
Mixtures  were  also  prepared  from  the  first  stock  standard  and  diluted  as 
above.  Each  standard  sample  (individual  or  mixture)  for  the  GC  was 
prepared  by  taking  one  ml.  of  the  desired  stock  concentration  and  adding 
it  to  99  mis.  (in  a  volumetric  flask)  of  organic  free  water.  This  flask 
was  capped  and  mixed  and  ten  mis.  were  withdrawn  for  analysis. 

The  specific  purge,  trap,  and  GC  parameters  that  were  used  are  listed 
in  Table  4  for  purgeable  halocarbons  and  Table  5  for  purgeable  aromatics. 
The  compounds  analyzed,  their  retention  times  and  detection  limits  are 
presented  in  Table  6  and  7,  respectively  for  purgeable  halocarbons  and 
aromatics.  The  computer  methods  and  sequences  employed  in  the  analytical 
procedures  for  halocarbons/aromatics  are  presented  in  Appendices  2  and  3, 
respectively. 

Calculation  of  Concentrations  of  Specific  Substances  of  Water 

The  individual  halocarbon/aromatic  compound  concentrations  were 
calculated  as  follows: 

Sample  area  x  Standard  Concentration  /ug/1  =  pg/1  (=  PBB) 

Standard  area 

The  individual  concentrations  were  summed  to  achieve  a  total  halocarbon 
(WTCUGL) ,  a  total  aromatic  (WTAUGL)  and  a  combined  total  (WTAC).  For  the 
aromatics,  the  total  area  under  all  peaks  was  calculated  as  if  they  were 
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all  toluene  (WZAUGL)  in  order  to  relate  the  water  concentrations  to  the 
direct  reading  instruments  (OVA)  which  were  calibrated  based  on  toluene. 
In  addition,  calculations  were  made  for  total  aromatics  and  total 
aromatics  expressed  as  toluene  excluding  1,2,4-trichlorobenzene  (WTABZ 
and  WZABZ,  respectively).  1,2,4-Trichlorobenzene  was  determined  in  this 
study  because  it  was  known  to  be  present  in  high  concentrations 
particularly  at  the  Mill  Creek  Sewage  Treatment  Plant.  The  suggested 
methods  of  analysis  for  1,2,4-trichlorobenzene  are  EPA  method  612  or  625 
which  involve  different  collection  and  analysis  methods  from  the  ones 
used  in  this  study.  These  methods  involve  solvent  extraction  and 
concentration  of  a  one-liter  sample,  followed  by  florisil  cleanup  when 
analyzing  complex  wastewaters.  In  contrast,  this  project  only  involved 
collections  of  20  ml.  samples  for  purgeables.  However,  EPA  has  documented 
1,2,4-trichlorobenzene  using  the  aromatic  EPA  method  602  which  was  used 
in  this  study.  The  standards  for  1,2,4-trichlorobenzene  were  readily 
identifiable,  however  the  recoveries  were  only  between  60-70%.  This 
compound  eluted  from  the  gas  chromatograph  at  approximately  31.3  minutes 
and  in  the  wastewater  samples  appeared  as  a  broad  two-fold  peak  on  both 
columns  which  indicated  an  interference  and  made  the  quantitation 
suspect.  For  this  reason,  the  TCBZ  results  were  only  an  indication  of  the 
presence  and  general  magnitude  of  TCBZ  and  not  an  analytically  accurate 
concentration.  The  raw  analytical  results  are  presented  in  the  next 
section. 


Calculation  of  Concentrations  of  Specific 


Substances  in  Air 

The  individual  compounds  identified  from  charcoal  tube  samples  were 
calculated  as  follows: 

Sample  area  x  Specific  Gravity  x  1000  1  x  Vol  (liters)  =  mg/m3 
Standard  area  m3 

These  individual  concentrations  were  also  calculated  in  parts  per  million 
(PPM). 

The  concentrations  for  individual  substances  in  charcoal  tube  air 
samples  were  summed  to  achieve  totals  (CTMGM  and  CTPPM)  expressed  in  mg/m3 
and  PPM,  respectively. 

In  addition  the  total  chromatographic  area  was  calculated  based  on 
toluene  (CZMGM  and  CZPPM)  in  order  to  compare  the  charcoal  tube  concen¬ 
trations  to  those  of  the  direct  reading  instruments.  This  calculation  was 
made  both  for  the  total  identifiable  compounds  and  for  the  entire 
chromatographic  area  (which  included  unidentifiable  peaks). 


STATISTICAL  METHODS 


Various  statistical  procedures  were  performed  on  the  raw  data  at  the 
University  of  Cincinnati  Computer  Center  using  the  Statistical  Analysis 
System  (SAS-796)  (31).  The  raw  data  was  keyed  into  a  WYLBUR  (32)  system 
and  then  transferred  to  a  University  of  Cincinnati  data  base  (M80116)  for 
accessing  by  SAS-796.  The  SAS-796  statistical  programs  are  briefly 
described  below  and  presented  in  detail  in  Appendix  4. 

SASRUN  1  -  This  program  transferred  all  raw  data  from  WYLBUR  to  the 
main  data  base  in  the  proper  format  for  SAS  manipulations. 

SASRUN2  -  This  program  performed  Pearson  correlations  between 
Century  (PPM)  values  and  selected  water  and  air  values.  Regression 
analysis  was  also  performed  on  the  Century  (PPM)  values  with  respect  to 
the  three  different  plants. 

SASRUN  3  -  This  program  performed  Analysis  of  Variance  (ANOVA)  and 
General  Linear  Model  (GLM)  on  the  PPM  values  with  respect  to  the  different 
plants.  This  program  also  performed  additional  Pearson  Correlations  and 
plotted  the  various  variables  with  respect  to  PPM  values. 

SASRUN  4  -  This  program  performed  additional  Regression  Analyses 
comparing  total  values  for  water  and  air  as  well  as  the  Century  PPM  values 
and  plotted  the  respective  variables. 

SASRUN  6  -  This  program  plotted  an  overlay  of  PPM  values  vs.  flow  by 
plant  and  perfomed  Pearson  Correlations  by  individual  plants  on  all  other 
variables  (air  and  water). 

SASRUN  7  -  This  program  performed  three  types  of  correlations 
(Pearson,  Spearman  and  Kendall)  by  plant  on  all  water  and  air  variables, 


including  the  sampling  condition  information  (see  page  11). 

SASRUN  8  -  This  program  performed  a  one  way  nonparametric  analysis  by 
plant  on  selected  charcoal  tube  values.  A  GLM  was  also  run  comparing 
different  times  of  the  day  and  different  days  for  each  plant.  A  second  GLM 
was  run  comparing  weekday  to  weekend  for  each  plant.  Various  values  were 
also  plotted  to  investigate  additional  relationships. 


RESULTS 


Variability  and  Sampling  Conditions  Data 
Tables  8. 1-8. 3  summarized  the  numbers  and  types  of  samples  collected 
at  each  of  the  three  plants.  The  variation  in  sampling  conditions  and  the 
Century  OVA  data  is  presented  in  Tables  9.0-9. 3.  Table  9.1  presents  the 
data  for  the  Mill  Creek  Wastewater  Treatment  Plant;  Table  9.2  presents  the 
data  for  the  Muddy  Creek  Plant;  and  Table  9.3  presents  the  data  for  the 
Little  Miami  Plant.  The  key  for  the  computer  generated  tables  (9. 1-9. 3) 
is  presented  in  Table  9.0.  Each  of  the  parameters  in  these  tables  was 
recorded  every  30  minutes.  The  Century  OVA  data  are  presented  in  both  PPM 
and  mg/m3.  The  data  in  Tables  9.0-9. 3  are  also  graphicly  displayed  in 
Figures  5-7,  by  plant.  The  above  mentioned  tables  and  figures  represent 
total  hydrocarbon  concentrations  based  on  toluene  as  the  calibration 
standard  for  the  Century  OVA  and  demonstrate  the  wide  fluctuation  in 
concentrations  hourly  within  a  single  plant  and  between  the  three 
different  plants. 

Hourly  and  daily  variation  in  both  total  hydrocarbon  (Century  OVA) 
values  and  the  water  and  air  concentrations  was  the  most  dramatic  at  the 
Mill  Creek  Plant  which  was  also  the  largest  wastewater  treatment  plant  in 
this  study.  At  the  Mill  Creek  Plant  the  concentration  of  total  hydro¬ 
carbons  was  generally  greater  in  the  afternoon  than  in  the  morning  (except 
Monday)  and  was  generally  higher  on  weekends  than  during  the  week. 
However,  these  data  only  represent  one  week's  sampling  and  are  not 
necessarily  representative  of  other  weeks  or  other  seasons.  The  values 
were  not  statistically  different  from  one  hour  to  the  next.  However,  if 
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the  data  were  broken  into  only  two  time  periods  (0900-1400  and  1400-1900) 
then  there  were  a  larger  number  of  peaks  during  the  afternoon  hours  at 
each  of  the  three  plants  (see  Table  26  and  Appendix  5). 

At  the  Muddy  Creek  Plant  the  total  hydrocarbon  values  were  also 
generally  greater  in  the  afternoon  than  in  the  morning.  It  was  also 
noticed  that  the  concentrations  increased  in  response  to  rainfall. 

The  Little  Miami  Plant  also  showed  the  same  trend  as  the  other  two 
plants  in  that  the  afternoon  concentrations  were  greater  than  the 
morning.  However,  at  the  Little  Miami  Plant  the  concentrations  tended  to 
decrease  with  rainfall. 

Table  10  shows  the  Pearson  Correlations  for  sampling  conditions  data 
correlated  with  the  Century  OVA  data  (PPM)  for  each  of  the  three  plants. 
Several  of  these  correlations  were  statistically  significant  at  or  below 
the  0.001  level;  however  the  correlation  coefficients  were  relatively  low 
(between  -0.30112  and  +0.56456)  which  indicates  that  no  single  factor 
could  consistently  be  used  to  predict  the  presence  of  peaks  on  the  Century 
OVA. 

At  the  Mill  Creek  Plant  the  Century  readings  were  highest  (according 
to  correlation  coefficients)  when  the  flow  was  low,  late  in  the  day,  late 
in  the  week  (weekends)  and  when  the  air  and  water  temperatures  were  high. 
The  Muddy  Creek  Plant  readings  were  highest  late  in  the  day,  when  the 
water  was  colored,  when  the  water  temperature  was  high,  when  the  air 
temperature  was  lower  and  when  the  humidity  was  high.  In  contrast,  the 
Little  Miami  Plant  readings  were  highest  when  the  flow  was  low,  late  in 
the  day,  late  in  the  week,  in  the  absence  of  rainfall  and  when  the  water 
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and  air  temperatures  were  lower.  All  of  these  observations  are  based 
on  correlation  coefficients  with  P<0.01. 


Charcoal  Tube  Sample  Analyses 

Tables  11.1-11.3  present  the  results  of  the  analysis  of  charcoal  tube 
air  samples  collected  during  periods  of  peak  episodes  observed  on  the 
Century  OVA  for  the  respective  plants.  At  the  Mill  Creek  Plant  a  peak  was 
defined  as  any  Century  OVA  value  greater  than  100  PPM.  Whereas,  at  the 
other  two  plants  a  peak  was  defined  as  any  value  greater  than  50  PPM  since 
the  baseline  values  were  much  lower  than  the  Mill  Creek  Plant.  Table  12 
shows  the  results  of  the  analysis  of  the  8  hour  TWA  charcoal  tube  samples 
for  the  respective  plants  and  Table  13  presents  the  results  of  the 
analysis  of  charcoal  tube  samples  collected  at  other  sites  of  interest. 
The  samples  collected  at  these  other  sites  include  samples  collected 
above  the  airspace  of  the  venting  grate  at  the  Mill  Creek  Plant  where  the 
main  sewer  lines  are  combined  prior  to  entering  the  wet  well/bar  screen 
area.  This  venting  grate  was  installed  as  an  added  safety  precaution  to 
provide  the  volatile  compounds  being  mixed  an  outlet  prior  to  the 
wastewaters'  entry  to  the  wet  well.  Other  samples  were  taken  only  six 
inches  above  water  level  rather  than  in  the  breathing  zone  area  and 
samples  taken  above  pools  of  water  in  the  wet  well  but  behind  the  bar 
screen  at  the  Little  Miami  Plant  where  the  building  was  open  in  the  center 
for  three  floors.  Pearson  Correlations  are  shown  in  Table  14  correlating 
the  Century  OVA  data  (PPM)  with  results  of  the  charcoal  tube  sample 
analyses.  Only  three  correlations  were  statistically  significant  at  or 
below  the  0.001  level.  These  three  correlations  were  all  found  at  the 


Mill  Creek  Plant  and  concerned  the  following  compounds  correlated  with 
the  Century  OVA  (PPM)  data:  MIBK,  chlorobenzene  and  toluene.  MIBK  and 
chlorobenzene  were  only  detected  in  about  10%  of  the  samples,  however  when 
they  were  present  the  Century  values  were  high.  Toluene  on  the  other  hand 
was  present  in  almost  all  of  the  samples  and  when  the  Century  values 
increased  so  did  the  toluene  concentrations  found  in  the  charcoal  tube 
samples.  Benzene  also  had  a  relatively  high  correlation  coefficient  at 
the  Mill  Creek  Plant.  Table  15  presents  three  different  types  of 
correlation  coefficients  (Pearson,  Spearman  and  Kendall)  comparing  Cen¬ 
tury  OVA  data  (PPM)  with  the  charcoal  tube  sample  results  for  the  Mill 
Creek  Plant.  The  Spearman  and  Kendall  correlation  coefficients  are 
nonparametric  correlations;  however  they  show  the  same  trends  as  the 
Pearson  Correlations  but  with  higher  confidence  levels  (greater  than 
0.001). 

Mater  Sample  Analyses 

The  results  of  the  water  analysis  are  presented  in  Tables  16  and  17. 
Table  16.1-16.3  gives  the  results  of  analyses  for  chlorinated  organic 
compounds  (halocarbons)  for  the  three  respective  plants  with  a  key  of 
abbreviations  in  Table  16.0.  The  results  of  the  analyses  for  aromatic 
compounds  are  presented  in  Tables  17.1-17.3  with  Table  17.0  as  the  key. 
Table  18  presents  Pearson  Correlations  comparing  Century  OVA  data  with 
the  results  of  selected  water  sample  analyses.  The  results  of  the  water 
analyses  did  not  correlate  with  the  Century  data.  The  confidence  levels 
were  never  below  0.1245  and  many  of  the  correlation  coefficients  were 
slightly  negative  values. 
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Comparison  Studies  of  Mater  and  Air  Samples 
Tables  19.1-19.3  presents  the  Century  OVA  data  (PPM)  and  the  total 
concentrations  found  on  the  charcoal  tubes  (in  PPM  and  PPM  based  on 
toluene)  and  also  compares  the  water  concentrations  as  total  chlorinated, 
total  aromatic,  sum  of  chlorinated  and  aromatic  and  a  total  aromatic  based 
on  toluene  (all  expressed  in  /jg/1  -  PBB). 

Tables  20.1-20.3  presents  statistical  summaries  of  water  and  air 
concentrations  by  compound:  range,  mean,  median  and  frequency  of  de¬ 
tection  (%).  Table  20.0  presents  a  key  for  Tables  20.1-20.3. 

Table  21.1-21.3  compares  selected  charcoal  tube  samples  to  their 
respective  Century  OVA  values,  both  expressed  in  PPM.  The  first  column 
gives  the  total  of  the  individual  compounds  found  on  the  charcoal  tubes. 
The  second  column  expresses  this  total  as  if  all  the  compounds  were 
toluene.  The  third  column  expresses  the  total  area  of  the  chromatogram  as 
if  it  were  toluene.  This  third  column  includes  small  unidentified  peaks 
in  addition  to  the  compounds  identified.  The  fourth  column  represents  the 
Century  OVA  values  recorded  at  the  time  the  charcoal  tube  samples  were 
collected.  The  Centruy  OVA  values  are  expressed  as  PPM  toluene  since  the 
instrument  was  calibrated  based  on  toluene.  Even  when  the  total  con¬ 
centrations  on  the  charcoal  tubes  are  expressed  as  toluene,  the  charcoal 
tube  samples  represent  less  than  20%  of  the  Century  OVA  readings. 

Table  22  lists  the  ACGIH  TLV's  and  STEL's  for  the  compounds  in  this 
study.  These  values  are  also  listed  in  Table  23  along  with  pc*  nent 
values  needed  to  calculate  the  CtlV's  an(*  RAT's  presented  in  Toogood  and 
Hobson's  paper  (14).  The  Cjlv  represents  the  maximum  allowable  con- 
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centration  in  water  for  a  single  compound  so  that  the  TLV  in  air  will  not 
be  exceeded.  This  value  is  calculated  using  the  TLV,  vapor  pressure  (VPo), 
the  limiting  activity  coefficient  including  sewage  at  the  appropriate 
temperature  ( Y^)  and  the  molecular  weight  in  the  following  formula: 

TLV  x  MW  x  760 

CTLV  =  VPo  ^  18  (MW  H20) 

Toogood  and  Hobson's  (14)  CjLV's  are  derived  based  on  a  static  equilibrium 
assuming  no  ventilation  of  the  sewer  airspaces.  The  RAT  refers  to  the 
relative  atmospheric  toxicity  which  is  calculated  by  the  following 
formula: 


Ci _ 

RAT  =  Cjlv,  i 

Table  24  presents  the  CjlVs  ^or  the  comPOunds  detected  at  the  three 
plants  as  well  as  the  maximum  %  of  the  Cjlv  detected  and  the  range  of  the 
concentrations  found.  Table  24  also  shows  that  only  at  the  Mill  Creek 
Plant  did  the  concentrations  exceed  5%  (but  less  than  10%)  of  the  RAT 
proposed  by  Toogood  and  Hobson  (14). 

Table  25  presents  a  summary  of  the  statistics  that  were  performed 
comparing  air  and  water  quality  data  in  addition  to  the  correlation 
coefficients.  In  all  of  these  tests  the  results  were  not  statistically 
significant. 

Table  26  gives  a  summary  of  the  number  and  magnitude  of  the  peaks 
observed  on  the  Century  OVA,  which  were  compared  statistically.  Table  26 
shows  there  is  definitely  a  greater  number  of  peaks  in  the  afternoon  as 
opposed  to  the  morning  at  each  of  the  three  plants.  The  statistics  for 


Table  26  are  presented  in  Appendix  5  where  a  log  linear  model  is  developed 
which  is  based  on  the  data  in  Table  26.  The  best  fitting  model  is  as 
follows: 

1°9  pPlant-time-peak  =  Upiant  +  Ujime  +  Upeak  +  Upiant-Peak  + 

^Time-Peak 

This  model  indicates  that  all  interactions  between  plant,  time  and  peak 
must  be  considered  except  the  interaction  of  plant  with  time. 
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DISCUSSION 

Figures  5-7  graphically  displayed  the  daily  plant  variation  in  total 
hydrocarbon  concentrations  hourly  and  daily.  The  correlation  co¬ 
efficients  in  Table  10  showed  that  the  hydrocarbon  concentrations  were 
generally  higher  late  in  the  afternoon  and  on  weekends.  The  higher 
concentrations  were  also  correlated  with  lower  flows  which  generally 
occurred  late  in  the  day  and  on  weekends.  Table  26  compared  the  total 
hydrocarbon  concentrations  in  the  morning  (0900-1400)  with  those  in  the 
afternoon  and  evening  (1400-1900).  The  afternoon  concentrations  were 
generally  higher  and  much  more  variable  at  all  three  of  the  plants 
confirming  the  results  presented  in  Table  10.  The  two  smaller  plants 
showed  a  more  exaggerated  difference  between  morning  and  afternoon 
concentrations  than  the  Mill  Creek  Plant  which  is  probably  more  a 
reflection  of  the  lower  flows  at  the  two  smaller  plants. 

The  higher  afternoon  concentrations  were  probably  due  to  the 
startup  of  industrial  activity  in  the  mornings  and  the  sewer  transit 
time  (time  it  takes  for  the  wastewater  to  travel  from  origin  to  plant) 
as  well  as  increased  residential  use  in  late  morning.  The  changes  noted 
in  association  with  rainfall  could  incorporate  multiple  occurrences. 
The  decreased  concentrations  at  the  Little  Miami  Plant  may  merely  re¬ 
flect  dilution  of  the  wastewater  by  strom  runoff.  The  increased  con¬ 
centrations  at  the  Muddy  Creek  Plant  appear  to  represent  a  case  where 
the  storm  runoff  washes  the  sewage  through  the  system  as  a  slug  since 
the  Muddy  Creek  Plant  is  the  smallest  of  the  three  plants  with  the  least 
amount  of  industrial  contribution  to  the  sewer  system.  The  possibility 
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that  this  increase  represents  industrial  fugitive  dumping,  though 
unlikely,  cannot  be  discharged.  This  increase  during  rainfall  could 
also  represent  soil  leachate  from  some  of  the  nearby  tank  farms. 

In  comparing  the  charcoal  tube  samples  with  the  total  hydrocarbon 
values  (Century  OVA),  it  is  noteworthy  that  in  almost  all  cases  the 
charcoal  tube  sample  represented  less  than  10%  of  the  Century  OVA 
concentrations.  Some  of  this  difference  may  lie  in  the  fact  that  the 
Century  OVA  does  detect  methane  and  the  very  light  hydrocarbons 
(ethane,  propane  etc.),  whereas  the  charcoal  tubes  will  not  collect  the 
permanent  gases.  It  is  also  possible  that  the  high  humidity  decreased 
the  adsorption  capabilities  of  the  charcoal,  however  no  water  was  de¬ 
tected  condensed  within  the  charcoal  tubes.  Many  other  factors  (dis¬ 
placement,  ventilation,  etc.)  may  have  decreased  the  charcoal  tubes  ad¬ 
sorption  capabilities  but  none  of  these  factors  alone  or  combined 
should  have  altered  the  results  by  more  than  10-20%.  If  in  fact  the 
Century  is  detecting  primarily  lighter  molecular  weight  gases,  then  the 
charcoal  tube  concentrations  may  actually  be  a  better  indication  of 
harmful  compounds  present:  particularly  since  the  charcoal  tubes  allow 
identification  of  the  compounds.  The  Century  OVA  merely  gives  an 
indication  of  total  hydrocarbons.  In  any  case  the  Century  OVA  can 
provide  an  immediate  indication  of  the  maximum  possible  concentrations 
present  from  which  immediate  decisions  can  be  made.  The  charcoal  tube 
samples  can  then  be  collected  and  the  analysis  can  identify  the  specific 
compounds  and  their  respective  concentrations. 

The  correlations  coefficients  (in  Table  14)  indicate  a  very  good 
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correlation  between  the  Century  OVA  (PPM)  total  hydrocarbon  concen¬ 
trations  and  the  charcoal  tube  concentrations  of  toluene  (correlation 
coefficient:  0.82820  with  P<0.001)  at  the  Mill  Creek  Plant.  There  were 
also  strong  correlations  between  the  Century  OVA  concentrations  and 
methyl  isobutyl-ketone,  chlorobenzene  and  benzene.  The  latter  compounds 
were  not  routinely  present,  but  were  generally  present  when  a  peak 
occurred.  These  correlations  were  present  only  at  the  Mill  Creek  Plant 
and  not  at  the  two  smaller  plants.  The  total  of  the  individual 
compounds  found  on  the  charcoal  tubes  did  not  correlate  well  with  the 
Century  OVA  concentrations  at  any  of  the  plants.  At  the  Mill  Creek 
Plant  it  may  be  feasible  to  merely  monitor  for  toluene  as  an  indication 
of  routine  peak  concentrations,  however,  further  documentation  would  be 
needed  before  toluene  could  be  used  as  a  marker  compound. 

The  added  ventilation  at  the  Mill  Creek  Plant  and  the  Little  Miami 
Plant  appeared  to  help  decrease  the  total  air  concentrations  by  forcing 
fresh  air  back  into  the  sewers  rather  than  drawing  air  out  and  thereby 
shifting  the  equilibrium  and  encouraging  volatilization.  The  venti¬ 
lation  grate  at  the  Mill  Creek  Plant  prior  to  entry  of  the  wastewater 
into  the  bar  screen  area  also  appeared  to  decrease  the  wet  well 
concentration  as  evidenced  by  the  sampling  conducted  above  this  grate. 

The  water  concentrations  of  individual  compounds  and  total  hydro¬ 
carbons  indicated  very  low  PPM  to  sub-PPM  concentrations  which  did  not 
allow  adequate  evaluation  of  Toogood  and  Hobson's  (14)  proposal.  The 
concentrations  detected  never  exceeded  55%  of  the  proposed  Cjlv  an<* 
most  cases  were  less  than  10%  of  the  Cy [_y.  The  RAT  was  never  exceeded 


since  it  is  derived  from  the  sum  of  the  CtlV's*  The  total  concentration 
of  the  compounds  detected  in  the  water  samples  never  exceeded  10%  of  the 
proposed  RAT  and  in  most  cases  represented  less  than  5%  of  the  RAT. 

The  water  concentrations  did  not  correlate  well  with  the  Century 
OVA  concentrations  (P  >  0.10)  and  in  fact  many  of  the  correlation  co¬ 
efficients  were  slightly  negative. 

Both  the  Century  OVA  (and  other  direct  reading  instruments)  and 
the  charcoal  tube  sampling  are  important  in  characterizing  sewer  and 
wastewater  atmospheres.  The  Century  OVA  can  give  an  immediate 
indication  of  a  potentially  hazardous  atmosphere.  The  use  of  this  in¬ 
strument  can  yield  further  information  by  placing  a  charcoal  tube  in 
front  of  the  probe.  If  there  is  little  or  no  change  in  the  Century  OVA 
reading,  then  the  majority  of  the  compounds  are  light  molecular  weight 
hydrocarbons  and  permanent  gases  such  as  methane,  ethane  and  propane, 
which  are  relatively  innocuous  unless  their  concentrations  are  high 
enough  to  affect  the  %  of  available  oxygen.  If  there  is  a  drastic  drop 
in  the  Century  OVA  reading,  then  further  sampling  should  be  done  with 
charcoal  tube  and  water  samples  to  determine  the  identities  of  the 
compounds  are  present. 
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CONCLUSIONS 

The  studies  conducted  with  the  Century  OVA  (a  direct  reading  in¬ 
strument)  indicated  dramatic  changes  in  total  hydrocarbon  concen¬ 
trations  both  hourly  as  well  as  daily.  The  Century  OVA  readings  were 
higher  and  more  variable  in  the  afternoon  than  in  the  morning  at  all 
three  plants.  The  readings  were  also  higher  on  the  weekend  than  during 
the  week  at  each  plant.  The  readings  were  highest  and  the  most  variable 
at  the  Mill  Creek  Plant  (the  largest  plant). 

Total  hydrocarbon  concentrations  quite  often  reached  or  exceeded 
100  PPM  while  the  water  and  air  concentrations  remained  in  the  low  PPM 
levels.  This  discrepancy  indicates  that  a  large  percentage  of  the 
Century  OVA  concentrations  are  probably  due  to  low  molecular  weight 
hydrocarbons  and  permanent  gases  such  as  methane,  which  are  not  col¬ 
lected  on  charcoal  tubes.  Even  though  the  charcoal  tube  concentrations 
represented  less  than  10%  of  the  Century  OVA  concentrations,  there  was 
a  good  correlation  between  high  Century  OVA  readings  and  high  concen¬ 
trations  of  toluene,  methyl  isobutyl  ketone,  chlorobenzene  and  benzene. 
These  correlations  were  only  found  at  the  Mill  Creek  Plant  and  not  at 
the  two  smaller  plants.  During  the  four  week  course  of  this  study  no 
TLV's,  Cjlv's  or  RAT's  were  exceeded. 

The  Century  OVA  can  provide  an  immediate  indication  of  the  air 
quality  and  by  using  a  charcoal  tube  in  front  of  the  probe,  an  estimate 
can  be  made  of  the  degree  of  the  hazard  (i.e.  %  permanent  gases). 

A  large  hazardous  slug  was  not  detected  at  any  time  during  this 
study.  However,  the  possibility  of  a  hazardous  slug  is  always  present. 
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Proper  communication  between  industries  and  wastewater  treatment  plants 
should  be  paramount,  particularly  when  a  spill  occurs.  However, 
frequently  the  first  notification  of  a  hazardous  slug  is  received  via 
wastewater  treatment  workers.  Perhaps,  increased  penalties  to  industry 
(for  spills)  coupled  with  more  complete  and  frequent  wastewater 
analysis  of  the  influent  (at  least  hourly)  could  prevent  or  at  least 
alert  workers  to  potential  problems.  The  analytical  proposal  for 
headspace  analysis  of  wastewater  samples  at  the  industries'  effluent 
made  by  the  Metropolitan  Sewer  District  of  Greater  Cincinnati  (MSD) 
would  help  industry  "police  itself."  This  proposal  should  also  be 
instituted  with  respect  to  hourly  sampling  of  wastewater  influents  as  a 
form  of  "early  warning  device." 


Figure  2.  Diagram  of  Mill  Creek  Interceptors 


Figure  3.  Schematic  of  an  Automatic 
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Figure  4.  A  Comparison  of  the  Century  OVA 
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Century  Data  -  Mill  Creek  Plant  (cont.) 
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Figure  5  (continued) .  Century  OVA  Data 


Figure  6.  Century  OVA  Data. 


Figure  7.  Century  OVA  Data. 
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Figure  7  (continued) .  Century  OVA  Data 


TABLE  I 


RELATIVE 

SENSITIVITIES  OF 

THE  CENTURY  OVA 

Dry  Air+ 

95%  Humidity* 

Toluene 

100% 

100% 

Methane 

83 

80 

Benzene 

125 

135 

Trichloroethylene 

58 

65 

Hexane 

75 

80 

Methylene  Chloride 

85 

100 

Perchloroethylene 

58 

65 

1,1,1-Trichloroethane 

75 

90 

+Sensitivities  published  by  manufacturer  converted  from  methane  to 
toluene  basis. 

*A1 1  standards  were  prepared  in  the  presence  of  90%  humidity. 


TABLE  2 


INSTRUMENT  PARAMETERS  FOR  GAS  CHROMATOGRAPHIC  ANALYSIS 
OF  CHARCOAL  TUBE-AIR  SAMPLES 

Instruments:  Hewlett  Packard  (HP)  5710A  Gas  Chromatograph 

7672A  Automatic  Liquid  Samplers  (ALS-99 
samples) 


HP  1000  Series  E  Computer 

HP  3350  Lab  Automation  System 

Detector: 

Flame  Ionization  Detector  (FID) 

Carrier  Gas: 

Nitrogen 

Attenuation: 

10  x  2  =  20 

Injection  Port  Temp.: 

250°C 

Detector  Temp.: 

250°C 

Run  Time: 

30  Min. 

Column  Temp. 

Column  1: 

10  ft.  10X  FFAP 

100°C 

Column  2: 

20  ft.  5%  FFAP 

150°C  and 
200°C 

Column  3: 

6  ft.  5%  Carbowax  20  M 

100°C 

Column  4: 

10  ft.  5X  SE-30 

110CC 

All  columns  1/8  in.  stainless  steel  coiled  columns. 
Computer  Methods:  ZR04,  ZR05,  ZR08,  ZR09,  ZR10. 
Computer/ALS  Sequence:  ALS9. 


TABLE  3 

DETECTION  LIMITS  FOR  COMPOUNDS  DETERMINED  BY  GC  ANALYSIS 


OF  CHARCOAL  TUBE  SAMPLES 


Compound  Screened 

Abbreviation* 

Detection  Limits  Mg 

Freon  11 

F— 11 

0.02 

Chloroform 

Chi  or 

0.02 

Methylene  Chloride 

MeCl 

0.02 

Bromod i ch 1 oromethane 

BrCl2 

0.03 

Di bromoch 1 oromethane 

Br2Cl 

0.03 

cis-l,2-Dichloroethylene 

cDCE 

0.01 

1,2-Dichloroethane 

DCA 

0.01 

1,1,1-Trichloroethane 

Trich 

0.01 

Carbon  Tetrachloride 

CCI4 

0.10 

Trichloroethylene 

TCE 

0.01 

Perch! oroethylene 

PCE 

0.01 

Methyl  Ethyl  Ketone 

MEK 

0.01 

Methyl  iso-butyl  Ketone 

MIBK 

0.01 

Benzene 

Bz 

0.01 

Toluene 

Tol 

0.01 

Ethyl  Benzene 

E+Bz 

0.01 

Chlorobenzene 

CIBz 

0.01 

o-Xylene 

xyl 

0.01 

m-Xylene 

xyi 

0.01 

p-Xylene 

Xyl 

0.01 

o-Dichlorobenzene 

CI2BZ 

0.10 

m-Di chlorobenzene 

CI2BZ 

0.10 

p-Dichlorobenzene 

Cl2Bz 

0.10 

1,2,4-Trichlorobenzene 

TCBZ 

Not  Detectable4 

♦As  used  in  the  data  analysis. 

+Not  detectable  using  this  method. 
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TABLE  4 


INSTRUMENT  PARAMETERS  FOR  ANALYSIS  OF  PUR6EABLE  HALOCARBONS 

IN  WATER  SAMPLES 

Instrument:  Tracor  560  GC 

LSC-2  Sample  Concentrator 
Tekmar  Auto  Lab  Sampler 
Hewlett  Packard  (HP)  3352B  Lab  Data 
Reduction  System 


GC  Detector: 


Hall  Electrolytic  Conductivity  Detector 
700A  (HE CD) 


Purge  Gas: 


40  ml/min.  (helium) 


Inert  Carrier  Gas: 


Helium-40  ml/min. 


Attenuation: 


10  x  2  or  200 


Solvent  Flow:  4 

Injection  Port  Temp.:  110°C 

Detector  Temp.:  250°C 

Trap  Temp.:  180°C 


Column  1 

Carbopack  B  60/80  Mesh 

Coated  with  IX  SP-100 

8  ft.  x  0.1  in.  ID  stainless  steel 

Initial  Temp.:  440c 
Initial  Hold:  3  min. 

Program  Rate:  80/min. 

F;::al  Temp.:  220°C 

Final  Hold:  15 

Computer  Method:  PURG601:T0 
Computer/ALS  Sequence:  SEQ21B-SEQ21F 


Column  2 

Porasil  C-100/120  Mesh 

Coated  with  n-octane 

6  ft.  x  0.1  in.  ID  stainless 
steel 

50°C 

3  min. 

60/mi n. 

170°C 

4  min. 
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TABLE  5 

INSTRUMENT  PARAMETERS  FOR  ANALYSIS  OF  PURGEABLE  AROMATICS 

IN  WATER  SAMPLES 

Instrument:  Tracor  560  GC 

LSC-2  Sample  Concentrator 
Tekmar  Auto  Lab  Sampler  (ALS) 

Hewlett  Packard  (HP)  3352B  Lab  Data 
Reduction  System 

GC  Detector:  Photoionization  Detector  (PID)-h-NU  Systems 

PID-52-02 


Purge  Gas: 

Inert  Carrier  Gas: 
Attenuation: 

Injection  Port  Temp.: 
Detector  Temp.: 

Trap  Temp.: 


40  ml/min.  (helium) 
Helium  35  ml/min. 

10  x  6  or  160 


100°C 

250°C 

180°C 


Column  1 

Suppel coport  100/120  mesh 
coated  with  5%  SP-1200  and 
1.75%  Bentone-34 

6  ft.  x  0.085  in.  ID  stainless  steel 


Column  2 

Chromosorb  W-AW  60/80  mesh 
coated  with 

1,2,3-Tris  (2-cyanoethoxy)propane 
6  ft.  x  0.085  in.  ID  stainless 
steel 


Initial  Temp.: 

50°C 

40°C 

Initial  Hold: 

2  min. 

2  min. 

Program  Rate: 

6°C/min. 

2°C/min. 

Final  Temp.: 

90°C 

100°C 

Final  Hold: 

20  min. 

20  min. 

Computer  Method:  PUR602:T0 
Computer /ALS  Sequence:  SEQ22D-SEQ22H 
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TABLE  € 

RETENTION  TIMES  AND  DETECTION  LIMITS  FOR  HALOCARBONS 
IN  WATER  SAMPLES 

Compound  Abbreviation*  Retention  Time**  Detection  Limits  ug/1 


Methylene  Chloride 

MeCl 

7.34 

0.25 

cis-l,2-Dichloro- 

ethylene 

OCE 

11.46 

0.10 

Chloroform 

Chlor 

12.02 

0.05 

1 , 2-Di ch 1 oroethane 

OCA 

12.77 

0.03 

1,1,1-Trichloro- 

ethane 

Trich 

14.08 

0.03 

Carbon  Tetrachloride 

CCI4 

14.45 

0.12 

Bromod i ch 1 orome th  ane 

BrCl2 

14.89 

0.10 

Trichloroethylene 

TCE 

17.15 

0.12 

Dibromochloromethane 

Br2Cl 

17.70 

0.09 

Bromoform 

Brom 

20.45 

0.20 

Perch 1 oroethy 1 ene 

PCE 

22.93 

0.03 

*As  used  in  the  data  analysis. 

♦♦Retention  times  for  column  #1  (Carbopack  B,  1%  SP-1000)  8  ft. 


TABLE  7 


RETENTION  TIMES  AND  DETECTION  LIMITS  FOR  AROMATICS  IN  WATER  SAMPLES 
Compound  Abbreviation*  Retention  Time**  Detection  Limits  ug/1 


Methyl  Ethyl  Ketone 

MEK 

3.00 

0.20 

Benzene 

Bz 

3.44 

0.20 

Toluene 

Tol 

6.U8 

0.20 

Ethylbenzene 

EtBz 

8.77 

0.20 

p-Xylene 

xyl 

9.29 

0.30 

m-Xylene 

xyl 

9.54 

0.30 

o-Xylene 

xyl 

10.28 

0.30 

Chlorobenzene 

CIBz 

11.39 

0.40 

m-Di chlorobenzene 

C12B2 

17.61 

0.30 

o-Dichlorobenzene 

C12BZ 

18.38 

0.40 

p-Di chlorobenzene 

C12Bz 

24.33 

0.40 

1,2,4-Trichlorobenzene 

TCBz 

31.30 

0.40 

*As  used  in  the  data  analysis. 

♦♦Retention  times  for  column  #1  (Suppelcoport  100/120  mesh  coated  with 
5%  SP-100  and  1.75X  bentone-34,  6  ft.). 
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TABLE  8 


SUMMARY  OF  ANALYTICAL  SAMPLES  COLLECTED 


TABLE  8.1 

SUMMARY  OF  ANALYTICAL  SAMPLES  COLLECTED 
MILL  CREEK 


Number  of  Days  Sampled  7 

Number  of  Charcoal  Tubes  Sampled  28 

Number  of  Peak  Charcoal  Tubes  14 

Number  of  8  Hour  TWA  Charcoal  Tubes  74- 

Number  of  Other  Charcoal  Tubes  7 

Number  of  Water  Samples*  19 

Century  OVA  Data  Points  Recorded**  128 


+  Actually  represents  14  charcoal  tubes  since  they 
were  collected  in  series.  Overnight  samples  were 
also  collected  but  in  almost  all  cases  the  batteries 
in  the  pumps  died  before  morning  so  these  sets  of 
tubes  in  series  were  analyzed  but  not  included  in  the 
data. 

*  Water  samples  were  collected  in  duplicate  to  allow 
analysis  for  both  aromatic  and  halocarbon  compounds 
(i.e.  38  water  samples  were  collected). 

**  Data  Points  recorded  every  30  minutes  for  duration  of 


sampling. 


TABLE  8.2 


SUMMARY  OF  ANALYTICAL  SAMPLES  COLLECTED 
MUDDY  CREEK 


Number  of  Days  Sampled  4 

Number  of  Charcoal  Tubes  Sampled  13 

Number  of  Peak  Charcoal  Tubes  8 

Number  of  8  Hour  TWA  Charcoal  Tubes  4+ 

Number  of  Other  Charcoal  lubes  1 

Number  of  Water  Samples*  9 

Century  OVA  Data  Points  Recorded**  68 


+  Actually  represents  8  charcoal  tubes  since  they  were 
collected  in  series.  Overnight  samples  were  also 
collected  but  in  almost  all  cases  the  batteries  in 
the  pumps  died  before  morning  so  these  sets  of  tubes 
in  series  were  analyzed  but  not  included  in  the  data. 

*  Water  samples  were  collected  in  duplicate  to  allow 
analysis  for  both  aromatic  and  halocarbon  compounds 
(i.e.  18  water  samples  were  collected). 

**  Data  Points  recorded  every  30  minutes  for  duration  of 


sampling. 


LITTLE  MIAMI 


Number  of  Days  Sampled  7 

Number  of  Charcoal  Tubes  Sampled  17 

Number  of  Peak  Charcoal  Tubes  6 

Number  of  8  Hour  TWA  Charcoal  Tubes  7+ 

Number  of  Other  Charcoal  Tubes  4 

Number  of  Water  Samples*  9 

Century  OVA  Data  Points  Recorded**  101 


+  Actually  represents  twice  amount  of  charcoal  tubes 
since  they  were  collected  in  series.  Overnight  samples 
were  also  collected  but  in  almost  all  cases  the  batteries 
in  the  pumps  died  before  morning  so  these  sets  of  tubes 
in  series  were  analyzed  but  not  included  in  the  data. 

*  Water  samples  were  collected  in  duplicate  to  allow 
analysis  for  both  aromatic  and  halocarbon  compounds 
(i.e.  18  water  samples  were  collected). 

**  Data  Points  recorded  every  30  minutes  for  duration  of 


sampling 


TABLE  9 

SAMPLING  CONDITION  INFORMATION 
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TABLE  9 . 0 

Key  For  Tables  9.1-9. 3 

Spl  =  Sample  Number  (consecutive) 

P  =  Plant 

1  =  Mill  Creek 

2  =  Muddy  Creek 

3  *>  Little  Miami 

D  =  Day  (1  =  Mon,  2  =  Tues,  etc.) 

#  =  Number  of  sample  for  given  day 

Dt  *  Date  in  Month  of  August  and  September 
Time  »  Time  on  24  Hr.  clock 

PPM  *  Century  Reading  in  PPM  based  on  Toluene  Std. 

3 

MGM  =  Calculated  mg/m  from  PPM  (using  Toluene) 

FLO  *  Plant  Flow  in  Millions  of  Gallons  Per  Day  (MGD) 

R  =  Ran,  1  =  No  Rain,  2  =  Rain,  3  =  Rain  +  Throttled  Flo»v 

S  *  Detergent,  1  *  No  Detergent,  2  *  Detergent  Present 

C  *  Color,  i  =  None,  2  =  White,  3  =  Red,  4  -  Brown, 

5  *  Smell 

pH  *  pH  of  Water  using  Indicator  Paper  (Scale  1-14) 

AT  «  Air  Temperature 

WT  *  Water  Temperature 

H%  ■  Relative  Humidity  % 


TABLE  9.1 

SAMPLING  CONDITION  INFORMATION  AND 


CENTURY  OVA  AIR  SAMPLING  DATA 


MLL  CRTCK  WASTE-vATSK  7  PLV’T 

sfl  r  v  B  d;  "'Ivl  r?'  >,>•  *ld  r  l  c  pi:  at  >: 


i 


:  2  icic  i'3c  c:c  2r 2  k 

1  2  1C1C  1710  ns:  211  K 

1  2  2C1C  173C  CC4  32'  24 


2  2 

:  :  22ic  in:.’  C3C  n:  2<c  i  1 

1  2  231 A  1900  C2C  075  140  1  1 


T.r.  7:  74  c:j 
:.r.  7'  7-'  12 
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TABLE  9.1  (continued) 


KILL  CHEEK  WASTEaATLK  TRLATMEs1?  PLAXT  (C0.47IiJJEC 

3pl  v  z  r  r.  i  ike  n*.  no.  ilz  k  z  c  r;  at  v.t  z: 


C22 

2 

1  11 

0300 

025  CL 4  200  2 

2 

2  7.0  72  58  02 

r,*>  - 
J.  j 

2 

*> 

2  11 

053C 

015  05'  200  1 

1 

1  7.0  72  SO  32 

025 

■t 

•> 

2  11 

1C0C 

034  122  200  1 

1 

1  7.0  72  55  02 

cos 

i 

4  11 

‘lC2C 

010* 022  200  1 

1 

1  7.0  72  5S  02 

r:~ 

o 

c  n  -1 

lie;:; 

050  iz:  200  1 

1 

'nr*  *7  ■k  ^ 

070 

■t 

-5 

3  11 

1120 

cl:  :::  100  i 

1 

1  7.0  72  70  02 

*  -*r 
c _ 

j. 

\ 

7  11 

12C;r. 

045  l'S  130  1 

j. 

1  7.0  72  55  ?;: 

040 

2 

C  11 

12  jL 

os';  i::  ir.0  l 

i 

1  7.C  72  CO  0;; 

041 

I 

*> 

0  21 

12C: 

or  22 ■  i'»o  : 

2 

i  —  n  *’■5  " <-  e~ 

A  '  •  *'  1  «  L«. 

C42 

i 

• 

1011 

1227 

C50  i::.;  170  1 

i 

2  7.0  72  «r  02 

043 

2 

HU 

1470 

02:  2 S' 7  270  1 

l 

1  7.0  72  70  P2 

c/4 

1 

w 

1211 

113: 

045  172  130  1 

i 

1  7.0  7:  SC  22 

C45 

A 

1211 

15'iL 

051  22'  17C  1 

1  7.0  72  so 

o/' 

J 

1411 

i::l 

c:.:  ?:.i  lor.  i 

i 

1  7.0  73  70  02 

047 

I 

•% 

W 

1521 

ir.ee 

070  21'  l'.o  : 

* 

a. 

1  7.0  72  50  02 

C4: 

•» 

1311 

172: 

020  112  170  1 

* 

1  7.C  72  20  0? 

042 

2 

1711 

n:: 

100  277  1'C  1 

* 

J. 

1  7.5  74  70  02 

CSl 

1 

J 

1211 

1730 

CLO  221  is:  1 

l 

1  7.5  7/  70  02 

051 

1L11 

1277 

ic:  37-  is:  1 

l 

1  7.5  74  71  *2 

r-c  .*? 

i 

2011 

1C37 

o: :  30:  is:  i 

l 

1  7.C  74  70  02 

C55 

* 

3 

n-.  i  i 
—  a  ^  *. 

i&or 

070  112  140  ] 

3 

A 

1  7.0  If  70  22 

054 

2211 

1030 

030  223  340  1 

A 

1  7.0  74  ”0  02 

os: 

* 

2311 

+*r%r  »« 
<CLK.  •/ 

OS'.  22'  140  1 

1 

1  7.0  74  7;  02 

055 

i 

/ 

1  12 

C  SK;{, 

00 L  c?0  120  1 

1 

i  7.5  72  sc  :: 
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f  r 

21:7 

1 

1130 

1300 

014 

052 

022 

-4 

1 

1 

7.0 

74 

75 

ft 

20  _ 

*> 

1 

1230 

i:»:c 

CIO 

036 

023 

*5 

1 

1 

7.C 

74 

75 

or 

2C-C 

2 

X 

1730 

a  *  a 
v  Xx. 

045 

AA'* 
L  4W 

3 

1 

1 

7.0 

74 

75 

55 

2:1' 

5 

2 

1 

31 

net. 

C3C 

112 

C27 

1 

1 

7.0 

7? 

74 

c: 

21: 

s 

2 

2 

31 

1130 

C40 

151 

r.A< 

2 

• 

X 

n 

X 

7.0 

/  *  • 

74 

35 

A^  A 

/•it 

3 

*> 

«u 

2 

2200 

0:c 

113 

C2C 

* 

1 

a 

a  a 

>•  *4 

7.7 

74 

A  * 
w  1 

21? 

A 

<_ 

* 

31 

123C 

020 

075 

C2:*. 

X 

1 

7.0 

A  • 

74 

a  r 

1- 

2:.' 

3 

A 

A. 

c 

w 

21 

1300 

030 

113 

C-2C 

7 

a 

1 

7.0 

*»* 

* 

74 

4.1 

215 

£0 

2 

O 

21 

1330 

025 

f>C / 

*w>*4 

02: 

1 

1 

7.C 

75 

74 

55 

22' 

-> 

b/ 

2 

7 

•S'! 

1400 

030 

113 

02: 

A 

J 

1 

1 

7.0 

at 

t . 

74 

C,  r 

227 

2 

e 

w 

21 

1430 

025 

034 

02' 

*7 

•* 

1 

1 

7.0 

70 

74 

C  r 

B*  B. 

21 1 

-> 

2 

5 

"  7 

15C0 

030 

112 

a  aa 
v4w 

A 

B* 

1 

1 

1.0 

A  ^ 

i  ' 

74 

C  r 

215 

•J 

A 

4b 

1C31 

is::. 

040 

151 

02’' 

Wif 

3 

> 

* 

1 

7.0 

A** 

.*  J 

74 

C  r 

B  «• 

22C 

3 

2 

1131 

1500 

023 

105 

r  a? 

Wi  <4 

3 

i 

1 

7.0 

70 

74 

or 

• 

2.21 

•> 

** 

2 

1221 

1'2C 

02.7 

075 

02: 

3 

1 

1 

7.C 

73 

74 

f't 

«4  B.1 

222 

■> 

2 

1331 

170*0 

015 

055 

C2C. 

4 

«B 

1 

1 

7.0 

75 

74 

ff. 

222 

3 

2 

1431 

1730 

C22 

002 

C2: 

0 

1 

1 

7.0 

75 

74 

C.C 

B»  B- 

224 

■> 

2 

1 

Cl 

1200 

023 

14? 

027 

i 

1 

1 

<r  c 
«*•  • 

75 

74 

55 

225 

*4 

2 

Cl 

123C 

040 

151 

02* 

1 

1 

1 

7.5 

75 

74 

05 

22S 

«* 

3 

3 

Cl 

13C0 

022 

120 

023 

* 

2 

1 

1 

5.5 

75 

74 

05 

227 

3 

4 

01 

1  ■S'?*' 

1  ■/«/«/ 

020 

075 

02.7 

1 

1 

1 

C.5 

75 

74 

£5 

22c 

3 

3 

5 

Cl 

1400 

035 

125 

C25 

1 

1 

l 

0.5 

75 

74 

5'5 

225  3 

a 

•3 

« 

Cl 

1430 

075 

245  C23 

X 

1 

1 

S.5 

75  74 

rr 

B  B# 

230 

2 

•» 

7 

Cl 

150C  030  3C1 

025 

1 

1 

X 

6.5 

75 

74 

cc 

B> 
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TABLE  9.3  (continued) 

LITTLE  KXAKI  KALTEaATER  TREATMENT  PLANT  (CONTINUED) 
SPL  P  D  f  DI  TI/iE  PP>»  KG'*  FLO  R  S  C  R1  AT  KT  %H 


2.‘.1  2  :  3  Cl  It 30  040  151 
232  3  3  9  01  1500  010  033 
223  3  3  1001  1G20  070  273 
234  3  3  1101  1700  020  075 
225  3  2  12C1  1720  C32  12C 
22'  2  3  1301  1C00  C20  C-75 
22n  3  4  1  02  1C00  023  000 
230  2  4  2  02  1C3C  020  C75 
223  3  <  3  02  110C  02C  105 
24 C  3  4  4  02  113C  C3C  112 
2-‘l  •'  4  5  C2  1200  037  125 
2*' 2  3  4  o  C2  12?.r-  C22  023 
2-'.  2  2  4  7  C2  1300  032  120 
244  3  4  E  C2  1215  020  1C5 
2/5  3  <  r  H2  1330  024  coo 
24'  3  4  1CC2  1400  C24  OS: 
247  3  4  1102  1420  040  131 
242  3  4  12C2  1510  C 24  122 
241  3  *  13C2  1520  123  125 
25C  2  4  1402  1500  G2C  075 
211  3  4  15C2  1S3C  C24  050 
252  3  4  1302  1700  C22  022 
252  3  5  1  C2  0S3C  C1C  03C 

254  ?  5  2  C3  1000  f'10  033 

255  252  03  1030  015  25C 
25'  3  5  4  C2  110C  025  0 14 
257  2  5  5  03  113C  030  113 
252  3  5  7  02  1200  C24  120 
255-  3  5  7  03  1230  C50  ICO 
222  3  5  P.  03  13C0  030  113 
271  3  5  9  03  1330  04C  151 
2o2  3  5  1002  1400  050  1C2 
273  3  5  11  2  1432  C2C  075 


02'.  1  1  1  S. 5  75  74  95 
023  1  1  1  6.5  75  74  95 
02'  1  1  1  5.5  75  74  55 
02'  1  1  1  5.5  75  74  55 
027  1  1  1  5.5  75  74  23 
C25  1  1  1  3.5  75  74  52 
02'  1  1  1  5.5  75  74  55 
027  1  1  1  C.5  75  74  55 
023  1  1  1  2.5  75  74  55 
02'  1  1  1  5.5  75  74  55 
023  1  1  1  2.5  75  74  92 
C2*  2  2  1  5.5  75  74  52 
02'  1  1  1  C.5  75  74  92 
023  1  1  1  C.5  75  74  or 
023  1  1  1  5.5  75  74  92 
02'  1  1  2  S.5  75  74  22 
02'  1  1  1  r.5  75  74  52 
02'  111  3.2  75  74  52 
C2'.  1  1  1  C. 2  75  74  55 
023  1  1  1  5.5  75  74  55 
C23  111  -3.5  75  74  52 
C2-  2  1  1  7.0  72  74  55 

C27  1  1  2  7.0  72  55  01 

027  1  1  1  7.0  72  74  52 

C27  1  1  1  7.0  75  74  55 

027  1  1  1  7.0  72  74  55 

027  1  1  1  7. C  75  74  55 

027  1  1  1  7.0  75  74  52- 

027  1  1  1  7.C  75  74  5*2 

027  1  1  1  7.0  75  74  55 

023  1  1  1  7.0  75  74  55 

023  1  1  1  7. C  75  74  25 

C23  1  1  1  7.C  75  74  25 
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TABLE  9.3  (continued) 

LITTLE  MAM  WASTBn'ATER  TREATM1W  PLWI  (CQ^TI^JEC) 


spl 

F 

33 

;  ot 

TI/X 

PE*: 

j <y. 

FLO’ 

n 

S 

c 

pi:  at 

V.T 

*.A. 
V  * 

nc  * 

3 

c 

1203 

1510 

C2o 

002 

C25 

1 

1 

1 

7.C  75 

74 

35 

235 

5 

1313 

1530 

022 

023 

025 

1 

1 

1 

7.0  75 

74 

95 

??.:> 

3 

5 

14C3 

1  #or> 
X  .iJw 

vJt 

113 

021 

1 

1 

> 

A 

7.0  75 

74 

S5 

2*7 

«% 

r. 

-/ 

1113 

1520 

020 

C75 

023 

1 

1 

1 

7.C  75 

74 

t't 

d.  •  «r 

3 

c. 

1  rr  O 

1  w  V  ^ 

1700 

022 

121 

02: 

; 

> 

A 

2 

7.C  75 

74 

ff 

255 

n 

j 

5 

17C3 

173C 

•030 

112 

02". 

i 

a 

7.C  75 

74 

t  f 

27  C 

*5 

1  C4 

1210 

012 

045 

022 

1 

1 

1 

5.5  71 

53 

*4 

271 

*5 

%. 

2  04 

1230 

m: 

020 

022 

* 

1 

1 

1.5  71 

54 

272 

p 

2  C4 

13CC 

01' 

001 

* 

1 

5.5  71 

jp  * 

34 

27; 

4  04 

1520 

020 

075 

r,  ^  0 

wa4A 

1 

1 

1 

'.5  71 

53 

54 

27/ 

•? 

5  04 

14  0C 

14  C 

151 

C22 

1 

1 

1 

5.5  71 

<r  *5 

V- . 

'  A 

■  "i. 

'll  c 

_  /  w 

•> 

5  C4 

1430 

120 

0-5 

022 

1 

2 

1 

* 

5.5  71 

53 

54 

2?  r 

3 

■T 

7  C4 

1500 

041 

151 

022 

1 

1 

5.5  71 

** 

'4 

277 

-> 

f.  04 

1520 

142 

15- 

* 

X 

I 

> 

A. 

5.5  71 

/•  -% 

34 

+-***• 

J. 

*» 

1  04 

1*00 

C5' 

*31  *» 

022 

1 

1 

1 

5.5  71 

p  -* 

*4 

27  s 

■*: 

1004 

2  320 

f\r.r 

73C 

122 

* 

1 

1 

i 

*.5  71 

<•  •** 

54 

^  •■>  • 

*.w  i 

r- 

> 

1104 

1  /Wv 

171 

2*-2 

r. 

1 

* 

1 

r  r  -i 

v*«  »* 

54 

2.-1 

r- 

12*4 

1722 

040 

151 

r  *■) 

J 

2 

1 

*..5  71 

52 

54 

2f  2 

2 

+ 

V) 

1204 

1  <'f»- 
l.v. 

r> 

■  ‘4v 

C75 

C22 

1 

«*• 

i 

1 

5.5  71 

<p  -% 

J-' 

•34 

2*3 

3 

-* 

/ 

1  C5 

120C 

C2(. 

075 

no 

1 

1 

7.0  71 

P*  — 

V*  4 

rr 

■J  m0 

234 

•t 

/ 

2  C5 

1220 

024 

122 

Oil- 

1 

* 

J. 

1 

7.C  71 

75 

2  Ci 

# 

:.  ci 

1200 

osr 

143 

cir 

I 

1 

7.0  71 

•V* 

.  ■  i 

212 

3 

7 

4  05 

1231 

1/2 

152 

CIO 

I 

1 

1 

7.0  71 

*7 

<•  J 

2C7 

3 

/ 

5  05 

1400 

04." 

Id 

115 

1 

♦ 

1 

7.C  71 

***7 

75 

222 

3 

/ 

5  05 

1420 

052 

155 

CIS 

* 

A 

1 

1 

7.0  71 

37 

r  r 

— 

2?!> 

3 

7 

7  C5 

15C0 

05r 

211 

CIO 

1 

1 

1 

7.1  71 

37 

-r 

210 

•7 

# 

0  05 

1531 

004 

241 

CIS 

1 

1 

1 

7.0  71 

57 

'll; 

221 

*5 

7 

&  05 

1300 

040 

151 

CIS 

1 

1 

> 

* 

7.C  71 

57 

55 

222 

«/ 

7 

1005 

1531 

043 

172 

CIS 

1 

1 

1 

7.0  71 

37 

•tr. 

212 

7 

110  5 

1701 

r.  *  ~ 

150 

cir 

1 

1 

2 

7.0  71 

57 

r.c 

224 

3 

7 

1205 

1730 

041. 

151 

CIS 

1 

1 

i 

7.0  71 

p  * 

•  >  / 

C5 

2V  5 

*» 

-/ 

7 

1315  1511 

050 

102 

oi : 

1 

1 

1 

7.C  71 

"7 

35 

2s:. 

3 

•» 

» 

1405 

1C30 

052 

is: 

01s 

1 

1 

1 

7.0  71 

.*  1 

55 

217 

3 

7 

1505  19CC  051 

180 

01s 

1 

1 

1 

7.0  71 

G7 

55 
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table  10 


PEARSON  CORRELATIONS  FOR  SAMPLING  CONDITION 
DATA  COMPARED  TO  CENTURY  OVA  DATA  (ppm) 


Mill  Creek 

Muddy  Creek 

Little  Miami 

Flow 

-0.30112 

**** 

-.09656 

* 

-0.47012 

**** 

Time 

0.28294 

*** 

0.42529 
***  * ** *** **** 

0.26308 

*** 

Day 

0.28558 

**** 

-0.03210 

* 

0.43885 

**** 

Rain 

-0.06056 

* 

0.08456 

* 

-0.87108 

**** 

DET 

-0.03344 

* 

— 

— 

Color 

0.04488 

* 

0.38817 

*** 

— 

pH 

-0.17020 

** 

-0.26487 

** 

-0.16762 

** 

Air  Temperature 

0.35366 

**** 

-0.51863 

**** 

-0.27862 

*** 

Water  Temperature  0.23388 

*** 

0.51987 

**** 

-0.34161 

**** 

Humidity 

-0.12786 

* 

0.56456 

**** 

-0.21257 

** 

*  P<1.0 

**  P<0.10 

***  P<0.01 

****  P<0.001 
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TABLE  11.0 

Key  For  Tables  11,1-11.3,  12,  13 

Spl  »  Sample  Number  (coincides  with  Century  Spl  #'s) 

ID  *  Internal  ID  Number 
P  -  Phase,  1  -  Air,  2  -  Water 
CTRIC  *  1,1,1-Trichloroethane 
CBENZ  •  Benzene 
CTCE  *  Trichloroethylene 

CPCE  «  perchloroethylene/l,l,2,2-Tetrachloroethylene 

CTOL  «  Toluene 

CXYL  -  Xylene 

CCLBZ  ■  Chlorobenzene 

CMEK  »  Methyl  Ethyl  Ketone/2-Butanane 

CMIBK  •  Methyl  Iso  Butylketone 

CTPPM  ■  Total  PPM  of  Individual  Compounds 

CTMGM  •  Total  mg/m3 

CZPPM  •  Total  peak  area  expressed  as  Toluene  in  PPM 
CZMGM  »  Total  peak  area  expressed  as  Toluene  in  mg/m3 

NOTE  *  1  ■  Peak  -  No  Water  Sample  Collected 

2  ■  Tube  placed  in  front  of  Century  Inlet 

3  -  Outside  Grill 

4  ■  Inside  Grill 

5  «  One  Floor  Above  Bar  Screen 

‘Concentrations  reflect  total  of  front  plus  back  of  charcoal 
tube;  at  no  time  did  the  concentration  in  the  back  section 
exceed  251  of  the  concentration  in  the  front  section 
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TABLE  11 


hhhhhhhh 

oooooooo 

8*8888888 


88 


»  o  o  o  o  o 

M9MOOO 

Cm-OOOhmh 

CtAPtfHBUO 

e  o 

3101)00000 

•  ••••••• 

38*83383 

HOHO 

C»  ►-  'D  *-  o  o  o  o 
•  ••••«•• 

53SCJB8888 

e  8080SS0 
•  •••#••• 

SSSSSSSS 

oooooooo 
•  ••••••• 

38888883 

oooooooo 
•  ••••••• 

38888888 

o 

OOUIOOOOO 
•  ••••••• 

885388  8  88 

o 

orooooooo 
•  ••••••• 

88888888 

OuogeosQ 

fuowcoooo 

UJ-pwOOWS 

v'23fe5  5i£i»o 
S2S2ggg8 

UIUOmOUCS 

Sifuteukau 


§828 

Ohm* 


M 

•  •  •  • 


88 

O  (s)  I 


asasssss 

plSIiSll 

Basewbea 


a 


i 

I  „ 

5 s 

§  g 


n 

a 


RESULTS  OF  ANALYSIS  OF  CHARCOAL  TUBE  AIR  SAMPLES  COLLECTED  DURING 
PERIODS  OF  PEAK  EPISODES  OBSERVED  ON  CENTURY  OVA 
iL  lime  OfeiPLL  ANALYSIS 


TABLE  12 


f5 


RESULTS  OF  ANALYSIS  OF  THF  8  HOUR  TWA 


CHARCOAL  TUBE  AIR  SAMPLES 


CHARCOAL  TUBE  SAMPLE  AWOYSIS 

EIGHT  HOUR  TWA  SAMPLES 

MILL  GREEK  WASTEWATER  TREATMENT  PLANT 

SFL  10  P  CITJ  CBZ  CTCE  CPCE  CTOL  CTFM  CW0M  CZPW  CZMGK 


211  01 
299  03 
3CC  OS 

301  11 

302  1^ 
3C3  27 
304  34 


1  2. 1C  C.00 
1  0.00  0.00 
1  3.44  0.20 
1  C.OC  O.CC 
1  0.00  0.08 
1  0.00  o.co 
1  0.00  0.00 


0.00  0.00  0.00 
0.00  O.CO  0.00 
0.20  0.15  0.11 
0.00  0.00  C.OC 
C.00  O.CO  0.00 
C.00  C.00  0.00 

r.oo  o.oo  O.oo 


2. 1C  11.34 
C.00  0.00 
4.10  31.25 
0.00  C.OC 
0.08  CO. 25 
b.00  0.00 
C.OC  o.po 


0002.55 

0004.65 

0003.32 

0.00 

0002.98 

0.00 

0.00 


ooco.sr 

O0C1.20 
0000. Cc 
0.00 
0C0G.79 
o.oc 
0.00 


«CS  GREEK  WASTEWATER  TREATMENT  PLANT 

SI  L  IE  ?  dill  CE2  CTCE  CPCE  CTOL  CTPT  CTMGK  CZPP*  CZMOv. 


305  41  1  o.oc  c.cc  o.oo  0.00  o.on  0.00  0.00  o.oc  o.oc 

305  <5  1  O.CO  0.00  O.CC  0.00  O.fc  O.OC  0.00  O.OC  O.OC1 

307  40  1  O.OC  5.45  C.00  C.2S  0.00  5.73  15.27  412C.2C  1093.4: 

3CC  52  1  C.00  O.CO  0.00  O.CO  0.00  C.OC  0.00  0045.45  OC13.13 


LITTLE  MIAMI  WASTEWATER  TREATMENT  PLANT 

SPL  ID  P  CiTtl  CBZ  CTCE  CPCE  CTOL  C7I*  CWCM  CZPPM  CZMCK 


309  50 

310  52 

311  65 
31?  39 

314  73 

315  77 
315  02 


1  C.OC 
1  C.00 
1  C.CC 
1  0.00 
1  o.oc 
1  o.oc 
1  0.00 


c.cc  O.CO  0.00 
0.00  0.00  0.00 
0.40  0.00  3.76 
C.or.  O.CO  0.35 
0.00  0.00  0.00 
0.00  0.00  0.00 
0.00  0.00  0.00 


0.00  C.OC 
O.OC  0.00 
0.00  4.15 
0.00  0.38 
0.00  0.00 
0.00  o.oc 
0.00  0.00 


C.OC  0C28.7J 
O.OC  0016.70 
26.50  0031.09 
02.55  0022.10 
0.00  0002.02 
0.00  0001.80 
O.OC  0007.95 


0007.62 
oco4.  rr* 
0000.25 
0005. CS 
0000.53 
0000. 5C 
0002.11 


25fi  75  1  O.CO  03.52  14.42  30.54  0.0(1  0.00  O.rc*  0.00  0.00  4C.432C5, 
277  7!>  1  Q.00  0.00  0.00  0.00  O.CO  0.00  O.Ci;  0.00  L.GO  0.00  0.( 

♦See  Key  for  Table  11  for  identity  of  other  sites  (as  shown 


RESULTS  OF  ANALYSIS  OF  CHARCOAL  TUBE  AIR  SAMPLES  COLLECTED  AT  OTHER  SITES 
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TABLE  14 


PEARSON  CORRELATIONS  COMPARING  CENTURY  OVA 
VALUES  WITH  RESULTS  OF  THE 
CHARCOAL  TUBE  SAMPLE  ANALYSES 


Mill  Creek 

Muddy  Creek 

CTPPM 

-0.01332 

0.51508 

** 

* 

CZPPM 

-0.06622 

0.55275 

* 

* 

CMIBK 

0.72766 

0.48269 

**** 

* 

CMEK 

-0.15495 

0.25675 

* 

* 

CCIBZ 

0.69740 

**** 

— 

CXYL 

0.04805 

* 

— 

CTOL 

0.82820 

0.15315 

*  **  * 

* 

CPCE 

-0.17561 

0.51317 

* 

* 

CTCE 

0.04685 

0.45159 

* 

* 

CBENZ 

0.65416 

0.34900 

*** 

* 

CTRIC 

-0.14456 

* 

— 

*  P<1.0 
**  P<0.10 
***  P<0.01 
****  p<0.001 


(ppm) 


Little  Miami 

0.43555 

* 

0.71340 

** 


0.47584 

* 


0.46201 

* 

0.55370 

** 

0.72932 

** 

0.70012 

** 

0.17869 

* 
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TABLE  15 


THREE 

DIFFERENT  TYPES  OF  CORRELATIONS  COMPARING 

CENTURY 

OVA  DATA  (ppm)  WITH 

CHARCOAL  TUBE 

SAMPLE 

ANALYSES  AT  THE  MILL 

CREEK  PLANT 

Pearson 

Spearman 

Kendall 

CTPPM 

-0.01332 

0.30326 

* 

* 

CZPPM 

-0.06622 

0.43050 

* 

** 

CMIBK 

0.72766 

0.60235 

0.52138 

**** 

*** 

*** 

CMEK 

-0.15495 

-0.1949 

-0.15401 

* 

* 

* 

CCIBZ 

0.69740 

0.61197 

0.52430 

**** 

*** 

*** 

CXYL 

0.04805 

-0.12022 

-0.11698 

* 

* 

* 

CTOL 

0.82820 

0.65145 

0.52074 

**** 

*** 

*** 

CPCE 

-0.7561 

-0.29630 

-0.22167 

* 

* 

* 

CTCE 

0.04685 

0.03763 

0.03650 

* 

* 

* 

CBENZ 

0.65416 

0.60785 

0.50017 

*** 

*** 

*** 

CTRIC 

-0.14456 

-0.07903 

-0.06267 

* 

* 

* 

*  P<1.0 
**  P<0.10 
***  P<0.01 
****  p<o. 001 


TABLE  16.0 


Spl 
ID 
P 

WMeCL  = 
WChloR  * 
WTric 
WB2C 
WTCE 
WBC2 
WPCE 
WTCUGL  = 
WTA+C  = 
WTAC-Bz= 


Key  For  Tables  16.1-16.3 
Sample  Number 
Internal  ID  Number 
Phase,  1  =  Air,  2  =  Water 
Methylene  Chloride 
Chloroform 

1,1, 1-Tr ichlcroethane 
Dibromochlorome thane 
Trichloroethylene 
Bromodichlorome thane 
Perchloroethylene 

Total  Chlorinated  Compounds  in  UG/L 

Total  Chlorinated  +  Aromatic  Compounds  -  UG/ 

Total  Chlorinated  +  Aromatic  Minus  1,2,4-Tri 


chlorobenzene 
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TABLE  17.0 


Spl 

ID 

P 

WMEK 

WBENZ 

WTOL 

WETBz 

Wxyl 

WC12Bz 

WTCBz 


Key  For  Tables  17.1-17.3 
=  Sample  Number 
=  Internal  ID  Number 
=  Phase,  1  =  Air,  2  =  Water 

*  Methylethylketone 
-  Benzene 

=  Toluene 
=  Ethylbenzene 
=  Xylene 

*  Dichlorobenzene 
=  1,2,4-Trichlorobenzene 


WTAUGL  =  Total  Aromatic  Compounds  in  UG/L 

WZAUGL  =  Total  Aromatics  Expressed  as  Toluene  (UG/L) 

WTA-Bz  =  Total  Aromatics  Minus  1,2,4-Trichlorobenzene  (UG/L) 
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table  18 

PEARSON  CORRELATIONS  COMPARING  CENTURY  OVA 
DATA  WITH  THE  RESULTS  OF 
SELECTED  WATER  SAMPLE  ANALYSES 


Mill  Creek 

Muddy  Creek 

WTAUGL 

0.30380 

-0.19401 

* 

* 

WZAUGL 

-0.03651 

-0.08413 

* 

* 

WTABZ 

-0.19008 

0.20491 

* 

* 

WTCUGL 

-0.06432 

-0.39438 

* 

* 

WTAC 

-0.12706 

0.38305 

* 

* 

WTACBZ 

-0.20787 

0.17289 

* 

* 

WTOL 

-0.20331 

-0.08843 

* 

* 

WTCE 

-0.11786 

-0.55055 

* 

* 

*  P<1.0 
**  P<0.10 
***  P<0.01 
****  p<Q. 001 


(ppm) 


Little  Miami 

-0.36217 

* 

0.35264 

* 

-0.35578 

* 

0.19329 

* 

0.06388 

* 

-0.28234 

* 

-0.31353 

* 

-0.37511 

* 


TABLE  19.1 


Detectable 


Detectable 


TABLE  20.0 


Key  For  Tables  20.1-20.3 
cis  12  Dichloroethylene 

CClj  ND  in  water 

ClBz 

*124  TCBz  values  are  not  quantitative  due  to  improper  method 
thus  interference  from  phthalates  and  other  base/neutral 
compounds 

-These  compounds  not  found  in  air  (charcoal  samples)  due  to 
high  chlorination  and  low  affinity  for  charcoal 

Xylenes  -  Total  of  ortho,  meta  and  para  isomers 

C12Bz  -  Total  of  ortho,  meta  and  para  isomers 

Waters 

Carbon  Tetrachloride  and  cis-l,2-Dichloroethylene  were 
not  detected  in  any  spls  (ND<0.1) 

Charcoal  tubes  were  also  ND<.01  for  Freons  (113,  13,  112, 

12,  21) 

C-l , 2-Dichloroethylene 
1 , 2-Dichloroethane 
1 , 1-Dichloroethane 
Ethyl  Benzene 

ND  -  None  Detected  (below  detection  limits) 


BrjClCH  <.1_  0.12 


TABLE  21.0 


COMPARISON  OF  CHARCOAL  TUBE  SAMPLE  RESULTS 
TO  CENTURY  OVA  READINGS 

MILL  CREEK 


■1  # 

Tot.  indiv. 
Compounds 

Tot.  Indiv. 
Compounds* 

Tot- Area* 

PPM 

Century 

Value* 

5 

7.806 

11.68 

12.15 

100 

9 

8.099 

4.04 

4.39 

50 

10 

5.979 

3.41 

3.66 

100 

13 

0.016 

0.015 

0.015 

6 

14 

0.819 

0.20 

0.20 

30 

15 

1.331 

1.01 

1.01 

60 

17 

4.841 

10.79 

10.79 

50 

21 

1.533 

0.66 

0.66 

100 

22 

1.871 

0.74 

0.78 

50 

23 

5.089 

2.17 

2.28 

100+ 

24 

7.446 

4.66 

4.76 

100+ 

30 

6.026 

4.96 

4.99 

100+ 

31 

1.344 

0.70 

0.71 

100+ 

37 

7.390 

12.07 

18.02 

300 

36 

2.652 

4.46 

6.08 

200 

♦Expressed  as  Toluene 


TABLE  21.1 


COMPARISON  OF  CHARCOAL  TUBE  SAMPLE  RESULTS 
TO  CENTURY  OVA  READINGS 

MUDDY  CREEK 


1  » 

43 

Tot.  Indiv. 
Compounds 

0.097 

Tot.  Indiv. 
Compounds* 

Tot.  Area* 

PPM 

Century 

Value* 

0.09 

0.09 

70 

44 

2.429 

2.43 

2.56 

80 

45 

0.947 

0.94 

0.97 

80 

48 

0.103 

0.07 

0.07 

35 

51 

2.281 

1.45 

2.02 

40 

54 

30.072 

10.03 

11.57 

100 

55 

1.911 

1.53 

1.70 

100 

56 

23.645 

7.01 

9.43 

100 

57 

17.433 

6.90 

7.45 

60-100 

Expressed  as  Toluene 
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TABLE  22 
TLV'S 


Compound 

MEK 

Benzene* 

Toluene 
Ethyl  Bz 
Xylenes  (omp) 

Chloro  Bz 
Dichloro  Bz  (omp) 
1,2,4-C13Bz  (TCBZ) 
Methylene  Chloride 
Freon 

1 . 1- Dichloroethane 

1 . 2- Dichloroethane 

1.1. 1- Trichloroethane 

1.1. 2- Trichloroe thane 
Carbon  Tetrachloride* 
Trichloroethylene* 
Perchloroethylene 

1,1, 2, 2  Tetrachloroethane 

BrClCH2 

Br2ClCH 

BrCl2CH 

Bromoform 

Chloroform* 

Range 


TLV** 

STEL* 

200 

300 

10 

25 

100 

150 

100 

125 

100 

150 

75 

- 

75 

110 

5 

- 

100 

500 

1000 

- 

200 

250 

10 

15 

350 

450 

10 

20 

5 

20 

50 

150 

50 

- 

1 

5 

200 

250 

- 

- 

- 

OTk 

0.5 

- 

10 

50 

0.5  -  1000  5  -  500 


*Suspect  Carcinogens 

**TLV  -  Treshold  Limit  Values^  American  Conference  of  Govern¬ 
ment  Industrial  Hygienists  (ACGIH) 

***STEL-  Short  Term  Exposure  Levels  (ACGIH) 
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w»  «  l.l.  HB ME.  wm*  1PTTTTT1  WIT) 


« 

Of* 

nz 

W9 M 

im 

Vapor  Ihrasa 

■■  IN 

ic  i£ 

UaitiM  Activity 
Caaffiaiaat 

m  l£ 

TtV 

mivoi 

St» 

mat 

■» 

M 

tM 

200 

so.s 

177.4 

M.i 

M.4 

M4 

in  m 

II 

11 

2S 

ft.lt 

M.M 

a.i  tii1 

1.1  al  1 

14 

a.M  M.M 

Til— i 

•2 

1M 

IM 

Mall 

M.M 

4.7  Bit* 

4.7  ill* 

100 

a.*  /•.»» 

Mi 

IH 

100 

12* 

SaSl 

21. S4 

1.1  ill1 

l.l  al.4 

IM 

1.1  /».*! 

*yl  i.,a,p) 

1H 

190 

ISO 

l.l) 

10.04 

1.1  all4 

I.i  al.4 

100 

1.7  /*.•! 

eui 

ua.t 

IS 

— 

M.M 

24. S2 

l.t  all* 

l.t  al.4 

7S 

a.*  /i.i 

CljtS  la.a.p) 

Ml 

•  to 
»  W 

p  100 

1.1* 

1.M 

1.1  Ml4 

4.1  BlO4 

M 

i.i  n.t 

1,1.4-70. 

Ml 

t 

— 

Ml 

H.l 

1M 

M* 

417 

71* 

171 

MC 

M0 

a.i  /a.. 

Ptm  M 

Ml 

IMS 

— 

l.l 

1*0 

IM 

MC.l 

Ml. 7 

7M 

— - 

— 

a.,  /(..in 

I.K1M 

N 

10 

1* 

Ilf  .1 

Ml. 7 

M0 

mmm 

M 

t.n  /ii.41) 

111  Met 

Ml 

1M 

oso 

114.71 

ui.n 

1.4  all* 

4.7  BlO* 

ISO 

a.*  /»•» 

III  Met 

Ml 

M 

20 

24*01 

M.M 

1.47a!.1 

l.MalB* 

M 

i.4  n. 7i 

*">« 

1M 

t 

M 

114.1 

212.7 

1.1  all4 

— 

10 

•.Ml/tt.M) 

tes 

111.4 

so 

ISO 

10  a  SO 

1M.70 

1.4  all* 

— 

IM 

1.1  /!•.*.) 

Kt 

»•*.» 

so 

— 

10.20 

00.11 

1.1  «1*4 

— 

100 

0.02  /I0.29) 

1111  Cl^CjM, 

Ul 

1 

s 

1 

■tciaia 

Mt 

200 

too 

200 

fKjClCa 

Ml 

— - 

— 

— - 

ftrdjCn 

IM 

— 

— 

™ 

Bnmotom 

Ml 

o.s 

— 

O.S 

•Cklerafen 

lit.  4 

10 

so 

104.00 

240.4 

701 

74* 

10 

0.22  /0.10 

■ana* 

•  .*-1000 

s-soo 

|MI 

itMUMIM  ky  lav  (pttnlaa  lylrlt-lw  (Uak  pt.) 
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TABLE 

24 

SUMMARY 

TABLE  OF 

CTLV*S  AND  RAT'S 

%  CTLV 

CTLV 

Range 

McCl 

<  7% 

6.3  mg/L 

ND-0.488  mg/L 

Chloroform 

<  3% 

0.33 

ND-0.011 

1,2  DCE 

<  0.4% 

0.76 

ND-0.003 

111  Trich 

<17% 

2.50 

ND- 0.429 

CCI4 

— 

0.052 

ND 

BrCl2CH 

— 

— 

ND-0.025 

TCE 

<  0.9% 

1.20 

HD-0.011 

br2cich 

— 

— 

ND-0.001 

PCE 

<23% 

0.63 

HD-0.148 

MEK 

<  0.5% 

2.25 

HD-1.270 

Bz 

<  2% 

0.15 

HD-0.004 

Tol 

<  4% 

2.00 

HD-0.083 

EtBz 

<24% 

1.30 

HD-0.312 

Xyl  (o,ro,p) 

<55% 

1.70 

HD-0.947 

ClBz 

— 

2.00 

— 

C12Bz  (o,m,p) 

<20% 

4.40 

HD-0.904 

1,2,3  TCBz 

— 

— 

HD-1.829 

•HD*Hone  Detected 

(below  detection  limits) 

>RAT  25-100%  10-25%  5-10%  0-5% 

Mill  Creek  -  -  -  5  8 

Muddy  Creek  - —  —  —  -  2 

Little  Miami  —  - —  - —  -  3 

mg/L  >26.22  13.1-26.2  2.6-1.31  1.31-2.62  .26-13 


10-25% 


5-10% 

5 


0-5% 

8 

2 

3 


i  [[•, 
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TABLE  25 


A  SUMMARY  OF 

THE  STATISTICS  PERFORMED 

COMPARING 

ANALYTICAL 

RESULTS  FROM 

AIR  AND  WATER  SAMPLES 

Variables 

Procedure 

Dependent 

Independent 

2X 

Results 

REGRESSION 

PPM 

PLANT 

PLT 

NS 

ANOVA 

PPM 

PLANT 

PLT 

NS 

GLM 

PPM 

PLANT 

PLT 

NS 

GLM 

PPM 

PLT 

PLT 

NS 

GLM 

FLO 

PLT 

NS 

GLM 

PLT-FLO 

PLT 

NS 

REG 

PPM 

PLT 

PLT 

NS 

REG 

CZPPM 

PPM 

PLT 

NS 

REG 

WTAC 

PPM 

PLT 

NS 

REG 

WTAUGL 

PPM 

PLT 

NS 

REG 

WZAUGL 

PPM 

PLT 

NS 

REG 

WTABZ 

PPM 

PLT 

NS 

REG 

WTCUBL 

PPM 

PLT 

NS 

REG 

WTACBZ 

PPM 

PLT 

NS 

REG 

WTACBZ 

CTPPM 

PLT 

NS 

NPAR1WAY 

CTPPM 

PLT 

NS 

NPAR1WAY 

CTPPM 

PLT 

NS 

NPAR1WAY 

CTOL 

PLT 

NS 

NPAR1WAY 

CTCE 

PLT 

NS 

NPAR1WAY 

CMIBK 

PLT 

NS 

NPAR1WAY 

CBENZ 

PLT 

NS 

GLM 

PPM 

AMPM 

NS 

GLM 

PPM 

PLT 

NS 

GLM 

PPM 

DAY 

NS 

GLM 

PPM  WEEKDAY/WEEKEND 

NS 

GLM 

PLT 

NS 

GLM 

DAY 

NS 

*  or  THE  NUMBER  AND  MAGNXTURE  OF  THE  HIGHEST  READINGS  ON  THE  CENTURY  OVA  (PPM) 
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APPENDIX  1.1 

COMPUTER  METHOD  USED  FOR  CHARCOAL 


TUBE  SAMPLE  ANALYSES 

SEP  IS,  t9B2  ®,i9 
METHODS  1*09 
CHANNEL  9 

1.  DATA  INPUT 

RUNTM  OP1CB 
15.90,  35 

MV/M1N  DELAY 

.300,  0.00,  *UT0 

INTEGRATOR  EVENTS 
TIME  EVENT 
i  /E 

CONTROL  EVENTS 

TIME  EVENT  ECM  RLY 

i  /E 

2.  DATA  ANALYSIS 

PROC  RPRT  SUP-UNK 
ZERO,  LO,  NO 

UNITS  TITLE 
HG 

3.  USER  PROGRAMS 

POST-ANAL  D1ALG-PRB  PARAM-F1LE 
/N 

4.  REPORTS 

RDVC  DRPTS 

1  14,  i 

2  /E 
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APPENDIX  1.2 


COMPUTER  -  AUTOSAMPLER  SEQUENCE  USED  FOR 

CHARCOAL  TUBE  SAMPLE  ANALYSES 

it*  it.  in:  M<47 

UM«|i  N.M 
CmmmCl  * 

MUMKI  I 

NKtMOO 

tan 

/m 


Htxi  tawa  tro* 

.  >.  a.  i 

i to  rait>in<  ttiiHHM 

m.  i.  i 


•awiii 


1 

1 

«  »TkO  OOOC-llLt  IM-IIU  1014-4 

•T0-4MT 

14  4HT 

1 

Ct2 

1.  400101 

.  0*1111 

.  111. 11, 

t.llll. 

I.MM 

t 

•T0» 

a,  4011(2 

.  0*11(2 

,  111. 01, 

1 .1111 , 

I.MM 

a 

ITB2 

a,  40(1(1 

.  0*1111 

.  111.01, 

1  HM, 

I.MM 

4 

tTBl 

4.  4*((f 4 

,  0*11(4 

.  111. 11, 

I.MM. 

I.MM 

t 

•T04 

t,  4*1(11 

.  0*11(1 

.  Hi  tt, 

1 .1111 , 

I.MM 

4 

t*L» 

0.  4*1(1* 

,  Mill* 

,  HI. 01, 

1 ■•••• , 

I.MM 

T 

*11 

T,  40101T 

.  0*11IT 

.  101. 01, 

1.1*11, 

I.MM 

■ 

■Otl 

a.  ooimo 

,  0*11(0 

.  101. 01. 

I  MM. 

I.MM 

* 

t»L« 

*.  4*1(1* 

.  ••Ill* 

,  ill. M. 

I.MM, 

I.MM 

It 

t*Lt 

.  1(,  4*((i( 

,  0*1111 

,  101-11. 

t.llll, 

I.MM 

11 

44 1.4 

.  11,  4*1(11 

.  0*1111 

,  ttl.oi. 

I.MM, 

I.MM 

12 

•OlT 

,  12.  40((ll 

,  0*1112 

.  111.11, 

1.1111, 

I.MM 

11 

WLI 

.  11.  4*1(11 

,  0*1111 

.  111. 10, 

I.MM, 

I.MM 

14 

t*L* 

.  (4,  4*1(1* 

,  0*1114 

,  111. 01, 

I.MM, 

I.MM 

It 

141.14 

.  It.  4*((lt 

,  0*1111 

.  101.11, 

I.MM, 

1.1111 

14 

trot 

,  1*.  4*(tl* 

,  0*1114 

,  Hi  ll, 

I.MM, 

1  .Mil 

IT 

•*4.11 

,  IT,  4011IT 

,  ••HIT 

,  111- 11, 

1  Mil, 

I.MM 

It 

•*L12 

,  It,  4*1(11 

,  0*1(10 

,  HI. 01, 

1  IMI, 

I.1M0 

1* 

•4L11 

.  1*.  4*111* 

,  0*111* 

.  HI  M, 

(■•lie. 

1 .  MM 

»• 

•*LI4  % 

,  21.  4*1(21 

.  •••(21 

,  HI.  11, 

I.MM. 

I.MM 

at 

t4l.lt 

,  81.  4*1121 

,  0*1121 

,  III .11 , 

I.MM. 

t.OIM 

aa 

44 1.14 

,  82,  4*1(22 

,  0*1(22 

,  III. H, 

I.MM. 

I.MM 

aa 

t44.IT 

.  It,  4*1121 

.  0*1(21 

,  HI. II, 

I.MM, 

1.01M 

a« 

t4l.lt 

,  24,  441184 

.  0*1124 

,  Itl.M, 

1  •  Mil , 

I.MM 

at 

t4ll4 

,  at,  aonat 

,  0*1121 

,  HI. II. 

I.MM, 

t.OIM 

t4 

041.24 

,  84,  4*1124 

.  ••1(24 

,  HI  M. 

I.MM, 

I.MM 

r 

•TO* 

,  ar,  44K2T 

,  a*((2T 

,  HI  M. 

I.MM, 

t.OIM 

at 

0*1.21 

,  at,  4oiiaa 

.  ■•lift 

,  HI. 01, 

I.MM, 

I.MM 

it 

04L22 

,  2*.  401(2* 

.  0*111* 

,  Hi  ll, 

I.MM, 

I.MM 

at 

04421 

,  ai.  ooiiai 

,  •*1(11 

,  HI  M, 

t.llll, 

t.MIl 

at 

04424 

,  11,  4*1111 

,  0*1111 

,  Itl.M. 

l-MII, 

I.MM 

aa 

044  ft 

,  82,  4*1(12 

.  •♦••12 

,  Hi  ll, 

I.MM, 

t.llll 

aa 

14424 

.  aa,  4*1(11 

.  0*1111 

,  Itl.M, 

I.MM, 

I.MM 

a4 

0442T 

.  14,  4*1(14 

.  0*1114 

,  Hi  ll, 

I.MM, 

I.MM 

at 

04420 

,  at,  ooiiai 

,  •«•!» 

,  111. II. 

I.MM, 

I.MM 

14 

0442* 

,  14,  4*111* 

,  0*1114 

,  HI. II, 

I.MM, 

I.MM 

ar 

04411 

,  ar,  4*iiit 

.  •*112T 

,  HI. M, 

1.1111, 

1 .  Mil 

at 

•TOT 

,  at,  4*i(it 

,  tVltlt 

,  111  11. 

I.MM, 

Hill 

at 

•4411 

.  a*.  4»(n* 

.  0*111* 

.  Hi  ll, 

I.MM, 

1 .  Ill* 

44 

•4412 

,  01,  4*1(41 

,  0*1141 

.  11(11, 

I.MM, 

I.MM 

41 

•4411 

.  01,  4*1(41 

.  0*1141 

,  HI  M, 

I.MM, 

1  .Mil 

42 

•4414 

,  42,  4*1(42 

.  t*H42 

,  HI.  11, 

I.MM, 

•  .Mil 

41 

•4411 

,  41,  4*1*41 

.  0*1141 

.  HI  . 11. 

I.MM, 

I.MM 

44 

•441* 

,  44,  4*1(44 

,  •*(144 

•  111  II. 

I.MM, 

I.MM 

4t 

•441T 

,  4t,  4*1(41 

•  0*»(4t 

.  Hi  ll. 

I.MM, 

I.MM 

44 

•441* 

,  44,  4*1(4* 

,  t*l(4t 

,  111. 11, 

I.MM, 

I.MM 

4T 

•441* 

,  4T,  40M4T 

,  •*•»«* 

.  HIM. 

I.MM, 

I.MM 

44 

•4441 

,  44,  4*11*4 

.  •••!(• 

,  111. 11, 

I.MM, 

I.MM 

44 

(IN 

,  4*,  4*114* 

,  ■*•••* 

.  HI  M. 

I.MM, 

I.MM 

tt 

At 

t,  toici* 

,  tt  MM* 

.  HI  M, 

I.MM, 

I.MM 

IN. 


V 

J 


) 

I 
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APPENDIX  1.2  (continued) 

COMPUTER  -  AUTOSAMPLER  SEQUENCE  USED  FOR 
CHARCOAL  TUBE  SAMPLE  ANALYSES 

MMtWCMCt  t 

mw 

tut 

SISIC-9IC  MM4KI 

/« 

WM  I*  4*1  *T0* 

S.  S,  1 


i«o  mt-mt  toii'tMttt 

ns,  si,  i 


*•"*111 

•SN4U-MSHC 

till  HOC *4 tit  SM-riLC  Miff 

m-#HT 

•H4-SM1 

1 

CS3 

*1,  47HS0 

,  1*1110 

.  HI. II, 

l.MII, 

1  .MOO 

1 

n»» 

«i.  mist 

,  1*0011 

.  lll.lt. 

1  .Mil , 

1.M0C 

S 

*4L*t 

*2,  mis? 

,  1*111? 

,  III. II, 

I.MI0, 

1.MI0 

4 

*41.43 

*1,  4SIIS3 

,  1*1013 

,  1*1.11, 

l.MII, 

t.MIO 

S 

SI  1.41 

*4.  miS4 

,  B*IIS4 

,  HI. 10. 

l.MII, 

t.MOl 

• 

sn4« 

*s,  miss 

,  moss 

,  HI.  10, 

l.MII, 

1.1100 

7 

*44.41 

si,  mis* 

,  **1114 

,  HI. II, 

l.MII, 

I. MOD 

• 

*44.44 

*7,  4II0S7 

,  1*1017 

,  HO. II, 

1 .1110 , 

t.MIO 

7 

•44.47 

ss,  miss 

,  1*0011 

.  HI. 10, 

l.MII, 

11100 

It 

*44.41 

**,  mis* 

,  mis* 

,  HI. II. 

1.MI0, 

l.lior. 

11 

*4  4.4* 

SI.  4*1040 

,  B9II40 

.  Htt.l, 

1.MI0. 

l.MOO 

13 

*41.10 

*1.  1*1041 

,  S*H4t 

,  HI. II, 

MHO. 

1  .MM 

11 

STDIO 

S3,  4*114? 

,  **1142 

,  HO. II. 

t.MOl, 

l.MOO 

14 

•4LS1 

SI.  4*11*3 

,  **1141 

.  HI. II. 

l.MII. 

t.MIO 

IS 

*44.  S2 

S4.  4*1*44 

,  **1144 

,  HI. II, 

t.MOl. 

l.MOO 

1* 

BUS! 

SS,  4VII4S 

,  1*00*1 

,  HI. 11, 

1 .1110 , 

l.MOO 

17 

S»lS4 

SS,  4*1144 

.  1*1144 

,  111*1, 

l.MIC, 

I.IOOO 

IS 

suss 

*7.  4*01 <  - 

,  mi47 

,  HI. II, 

l.MII, 

l.MOO 

1* 

S»LSfc 

SS,  **H<SS 

,  MV*** 

.  Hi  ll. 

1 .1011 , 

1 .  MM 

tl 

*44.1? 

S*.  4*114* 

,  S*ll4* 

.  HI. 10. 

1 .IttOO  , 

t.ioor. 

>1 

•44.S* 

*1,  4*1171 

,  BVII7I 

,  11010. 

l.tUl'V. 

l.MOO 

I? 

Hist 

71,  4*1171 

,  **1171 

,  HI  II. 

l.MII. 

l.iotr 

tl 

SH40 

71,  4*1172 

,  1*1171 

,  HI. II, 

I.MI0. 

1.IMD 

14 

rtp»j 

71,  4*1171 

,  1*1173 

,  HI.  10, 

l.MII. 

l.MOO 

IS 

*4141 

74,  4*1174 

,  1*1174 

,  HI. 10. 

l.MII, 

l.MOO 

a* 

6414? 

71,  4*II7S 

,  **1171 

,  HI- II, 

1.MI0, 

l.MOO 

gy 

S4143 

74,  4*117* 

,  1*1174 

.  HI  M, 

1.MI0. 

l.MOli 

t* 

84144 

77,  4*1177 

,  **1177 

,  III  II. 

l.MII, 

l.MOO 

1* 

B414S 

7B,  4*1071 

,  **117* 

,  III. II. 

l.MII, 

l.MOO 

SI 

S4144 

7*.  4*117* 

,  **117* 

,  HI. II, 

t.MIO, 

1  1000 

Sl 

Bill? 

•1,  4*1110 

,  **ll*0 

.  Hi  ll. 

1.MI0, 

l.MOO 

S3 

S414B 

•t,  4*1111 

,  mm 

.  Hl.lt, 

t.MIO. 

l.MOO 

SI 

B4n« 

S3,  4*1112 

,  **••*? 

,  III. II. 

l.MII, 

l.MOO 

14 

*44.70 

•3,  4*1113 

,  mm 

,  HI. II, 

I.III0, 

l.MOO 

IS 

S1BI1 

•4,  4*11*4 

,  **1114 

.  111. II, 

t.MIO, 

l.MOO 

14 

•44.71 

SS,  4VIISS 

,  B«I0*S 

,  HI. 10. 

t.MIO, 

l.MOO 

S3 

•41.7? 

*4,  4*11*1 

,  B*ll*4 

,  HI  *0, 

t.MIO. 

l.MOO 

St 

•41.73 

*7,  4*11*7 

,  **ll*7 

.  HI. II. 

t.MIO, 

1 .1100 

14 

*4174 

St ,  4**11* 

,  **ll*l 

,  Ml  M, 

1  .MOO , 

I.IOOO 

41 

S417S 

B*,  4VIIIV 

,  **m* 

,  Hi  ll, 

t.MIO, 

l.MOO 

41 

*4174 

*1,  4*11*1 

,  **ii*i 

.  Ml  M. 

l.MII, 

l.MOO 

41 

B4177 

*1,  4*11*1 

,  **ii*t 

.  III.SI, 

l.MII. 

1 .1100 

41 

S417S 

*1,  4*11*3 

,  1*11*3 

,  Mi  ll, 

l.MII, 

l.MOO 

44 

*4174 

*3,  4*11*3 

,  **ll*l 

,  HI. II, 

l.MII, 

l.MOO 

4S 

S41S0 

*4,  4*11*4 

,  **11*4 

.  HI. II, 

l.MII, 

1  .MOO 

44 

won 

*1,  4*14*1 

,  **II*S 

,  HI. II, 

l.MII, 

l.MOO 

41 

S4ltl 

**,'4*11*1 

,  **••** 

,  HI. II, 

l.MII. 

l.MOO 

4S 

S41S? 

*7,  4911*7 

,  4*11*7 

,  HI. II, 

l.MII, 

1  .MM 

4* 

Bit  US 

*S,  4*11*1 

,  4*11** 

,  HI  M, 

1  .Mil, 

l.MOO 

Sl 

•.» 

*ais« 

/» 

**,  4*11** 

,  **••** 

.  HI  M, 

l.MII, 

t.MIO 
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appendix  2.1 

COMPUTER  METHOD  USED  FOR  WATER  ANALYSES 
FOR  PURGEABLE  HALOCARBONS 
:EF  12*  1862 23(45 
liL'lMOli:  FUROOltTO 
CHANNEL  22 

I.  0ATA  2NPLI7 

funtm  «Ft 

30.00*  75 


MV  MIN  PEL  AY  M1N-AF  PUNCH 

.  ioc<*  ;.3e«  seoe*  once 

INTEGRATOR ’EVENT? 

TINE  EVENT 
1  /E 

CONTROL  EVENT? 

TINE  EVENT  ECU  RL  •’ 

1  st 

-.  Of Tn  AHALV51S 

FFOC  RPFT  SUP-UNI 
CHI'*  E;;«  NO 

UNIT?  TITLE 

U5  L  .  FUFGEAELE  HALOCAFDON: 

FEF-FTU  *FTfc|  FF-UNI  IIi-lVL  I'VT 

•JO*  1.0.  1.6600E*  0-  4*50.  6.00 


(f- 

IEKATJON 

FEW  2 

TIME 

AMOUNT 

FACT OF 

NAME 

1 

T  •  34  • 

J.6000E- 

:• 

2.0C5-5E-  7. 

METHYLENE  CHLOFIt'E 

2 

6.30* 

1.6000E* 

0* 

1.006QE*  0* 

FFREON-I 1 

3 

10.50- 

i.ooooe-* 

0* 

1.0000 t*  0. 

i6ROnOCHLOFC■HE■:  HANE 

4 

11.12* 

1.6000E- 

1* 

1.0OGGE*  0* 

til “PI CHLOFOETHANE 

11.4«. 

1.066OE* 

0* 

4.06O;E”  6* 

FC  16-12-I'ICLEThylENE 

t 

12.62* 

1.0O6OE* 

e* 

1.0OOOE*  0* 

FCHLOFOF  OFfl 

7 

12.76* 

i.ec-eoE* 

6* 

5.7750E-  5* 

FU2FRE0N 

£ 

12.77* 

1.6000E* 

0* 

6.2763E-  6* 

1 1 2-01 chlofoethane 

c 

1 2. 63* 

1 . 60ooe * 

0* 

1 . 000 OE*  0* 

FEFICHLOFOHYIiFIN 

JO 

14.0?. 

1.0OO6E* 

6* 

5.0670E-  6* 

61 1 1-TF I CHLOFOETHANE 

J 1 

14.45* 

1 . 60C*8E  ♦ 

0* 

4. 1065E-  6* 

FOARE'On  TETFACHLOFIIiE 

12 

14.6*. 

1.6606E* 

6* 

2. 2621 E-  6. 

F6FOM02ICHLOFOMETNANE 

1: 

16.65* 

1.6666E* 

6* 

3 .731  IE-  4* 

H2-J1CHL0F0FF0FAUE 

14 

17.15* 

1.006OE* 

6* 

2.6662E-  5* 

FTRICHLOFOETHYLENE 

15 

17.76* 

1 . P666E ♦ 

6* 

1.C346E-  5* 

tl>l  bfcmpchlofometnahe 

It 

16.37* 

1.6000E* 

0* 

1.0P6OE*  0* 

FI J2TP1 CHLOFOETHANE 

IT 

18.43* 

1.0OOOE* 

6* 

1.0OOOE*  0* 

FC 1 6- 1 3-X'I  CMlOPFFROFEN 

It 

13.75* 

I.00OOE* 

6* 

2.9223E-  4. 

• 1 CHLOF026FOMOFROFANE 

1* 

26.45* 

l.OOOOE* 

6* 

2.7465E-  6* 

F6ROMOFOFM 

20 

22.63* 

1.0066E* 

0* 

6.7853E-  6* 

F 1 1 22TETRACML0F0ETHYLE 

21 

23.66* 

1.P066E* 

0* 

1.00OOE*  0* 

» 1 1 22TETRACHL0F  OETHANE 

22 

23.66* 

1.00OOE* 

0* 

1.00&0E*  0* 

•  1401 CHL  OROPUT ANE 

22 

25.76* 

1.6000E* 

0* 

0.0656E-  6* 

FCHL0R06ENZENE 

24 

st 

1 

3.  USER  PROGRAMS 

ROST-ANAL  SIAlG-FRC  PAR AH -FILE 
»NF02  ILF 
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appendix  2.2 

COMPUTER  ~  AUTOSAMPLER  SEQUENCE  USED  FOR 
WATER  ANALYSES  FOR  PURGE ABLE  HALOCARBONS 


iZf  10.  1*S2  0:42 

fEOvEu.E:  SEC'220 
CHftUHEt  22 

tUESEOUEHCE  1 

tlETHM 
RUfiC'l  s  7 0 

3  rofiV'-Fiur 

i 

*F|«F:  «V.'f 

2-  j'*  l 

I  ■  I  *’C-T-£:7L*  P0i7-«M*-Hr 

E :  •  1 «  1 


It. 

4.E  "HHflE 

ETL« 

PROC-FILE 

RAW-FILE 

Uu'L-f 

STI-AMT 

1 

"  1 

t 

1. 

**00Cl 

* 

RAOOOl 

• 

100. 00 • 

i.ooec. 

«■ 

T  ^ 

« 

2* 

**eeo: 

• 

**0002 

• 

100. oo* 

1.0000- 

1  ' 

• 

*» 

c*  • 

**ooe: 

t 

**0002 

• 

100.00. 

1.0000* 

■i 

*  «i 

4. 

**0004 

9 

R*0004 

• 

100.00’ 

1 . 0000 

c. 

f . 

**©005 

1 

**0005 

9 

100. 00. 

1.0000* 

£ 

.  r 

• 

€• 

**000- 

9 

**000 E 

9 

100.00. 

1.0000* 

i 

* 

7 1 

PftOOC- 

9 

**000" 

9 

100.00. 

1.0000. 

*!  : 

» 

0. 

ooeoo : 

9 

**000 t 

9 

100.00* 

i.OOOO* 

c 

Tf 

• 

$. 

**000? 

9 

**000? 

9 

SOO. 00* 

l.OOOO* 

-  (• 
:i 

•'Eft*  t/ 

* 

10. 

**0010 

« 

**0010 

• 

100.00* 

1.0000* 

EMF-ft-'T 
1 .  ©CCC 
1.0000 
1 . 0000 
:.oeoo 
1 . 0000 
1.0000 
1.0000 
1 .  oooc 
1 . 0000 
i.ooec 


APPENDIX  3.1 

COMPUTER  METHOD  USED  FOR  WATER  ANALYSES 
FOR  PURGEABLE  AROMATICS 

EEF  12*  1 9$2  »3«46 

KHHOts  RUR602iTO 
CHANNEL  21 

1.  I*ATA  INF  LIT 

r'UNTM  •Rll 

Sc.W"  ISO 

I •  v  Nil*  ®ElA.  HlK-AK  6UNCH 
.300.  ,.30*  1000*  ONCE 

INTEGRATOR* events 
TIME  EVENT 
1  'E 

CONTROL  EVENT*. 

TIME  EVENT  ECM  RL 

1  'E 

L.  I'RTA  ANALYSIS 

f-RjC  RF-RT  SUF  -UNI 
ESU‘*  E.:*  NO 

UNIT?  TITLE 

US  L  *  FURCEAELE  AROMATJ.S 

ftr-FTtJ  !;F  Tl»  RF-Ui,;  II'-LVL  JVT 

,  .1’.  1.0*  1.000L>t-  0*  9C*0*  0.0V 


IE RAT  ION 

Tire 

FEAt  : 
AMOUNT 

FACTOR 

j 

2. 00* 

1 . 0000E ♦ 

0* 

J.33E3E-  4* 

3.44* 

5.000OE- 

1* 

S.029SE-  €• 

€.  0?* 

1.0000E* 

0* 

S.llfSE-  5> 

4 

6.77* 

1.0000E* 

0* 

9.49T3E-  f« 

r 

0.2A* 

1.O0O0E* 

0* 

1.1201E-  5< 

t 

*.?4* 

1 .6000E* 

0* 

0. 1003E-  f 

i 

10.20* 

1 .00O&E* 

0* 

9  596EE-  €< 

£ 

1.00O0E-* 

0* 

S.4709E-  5 

Ci 

IT. El* 

1 . O0O0E ♦ 

0* 

I.000OE*  0 

:  fi¬ 

It'.  3?* 

1.00O0E* 

0* 

1 . 0OOOE*  0 

ll 

i: 

24. 3S* 

'E 

1 . 0000E ♦ 

0* 

1.0000E'*  0 

NAME 
HIE  l 

lEElCLNC 
•TOLUENE 
RETHVLEElCfcNE 
IF-XYLEHE 
tft-KYLENE 
iO- XYLENE 
IXHLOROEEtCF  HE¬ 
RN- 1«  l  CHLOREE'CENC 
O-IiICHLOREEf-rti  E 
RF-Xil  CHLOREEnZENE 


UJ.EF  PROGRAMS 


F  OFT- ANAL  DIALG-PRC  PAPAM-FILE 
inFO.'  «LR 


4.  RERORTS 


RI'VC  «RFTS 
1  LI*  1 


APPENDIX  3.2 


COMPUTER  -  AUTOSAMPLER  SEQUENCE  USED  FOR 
WATER  ANALYSES  FOR  PURGEABLE  AROMATICS 


$EF  10-  19S2  9:50 

SCeUEMCt:  SEC-ilfc 
CHHNI-EL  il 

SUESEO.iEMCt  1 


MET  HOI' 

FUF  £0."' :  7  0 

I»lftLC-FP  G  fftr-ftn-FlLE 

t- 

*-KF'£  «"0F 

••  1 


2  ; 

F 

or:-  4. 

.Or': 

•.  Ei 

1- 

i 

?  L .  : 

4  F'  IF  cE  “NH'lt 

E-Tl# 

ff-oc-riiE 

Friw-  FILE 

5.KL-F 

STI'-Hfl" 

7: 

• 

i  • 

FHOOO 1  • 

RHOC-0 1 

0 

100.00* 

1.0000- 

t; 

9 

frooc: 

FHOOOi 

9 

ioo. o:* 

1.0000- 

z 

7  • 

9 

3  • 

FHOOO?  - 

FHOOO 0 

9 

100. Oc- 

1.0000- 

m 

7- 

• 

4* 

FhOOO-  . 

FHOOO 4 

9 

100.00- 

1.0000- 

K 

<r« 

5* 

FH00O5 

FH0005 

• 

lOo.Oi- 

1.0000- 

t 

1  t 

• 

€  • 

FHOOO: 

FHOOO  e* 

100.00- 

1.0000- 

*  * 

« 

i  • 

FH00OT  » 

FHOOO" 

9 

100.00- 

1 . 0000 • 

t 

w 

7 : 

9 

8  • 

FHO0O:  * 

FHOOO £ 

• 

100.00- 

1.0000- 

i  j 

9* 

FHOOO- 

FHOOO? 

9 

100. 0-'- 

1.0000- 

:0 

710 

10- 

FR0O1O  * 

RH0010 

• 

100.00* 

1.0000- 

Stie-ft-T 

i . coo: 
i.ooeo 
l.oooc 
1.0000 
! .  0000 
1 . 0000 
1.0000 
1 .  oooo 
1.0000 
1.0000 
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appendix  4 

COMPUTER  STATISTICAL  PROGRAMS 
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APPENDIX  4 . 1 
SASRUN  1 

//WENHI OlA  JOB  (0.K348CH) ,*DUNOVANT  SASRUN1' , 

//  TIME- (0,30)  ,REGI0N*250KtMSCLEVEL*(l,l) 

/•ROUTE  PRINT  RMT3 
//  EXEC  SAS79S,REGI0N*2o0K 

//DCENTCC  CD  DSNMVErWI 01 .  DCEtfTCC,  DI3P»OLD, UCIT-SY5DA, V0L-CER-WRK151 
//D.'.CL  DD  DSNMVENHI  Cl .  D\CL ,  DI S  P-OLD ,  UMIT-SYSDA ,  VOL*SERMs'RKl  51 
//DKARO  CD  EENMVLMHI 01  .DsARO.DISP-OLD,  UNIT-SYSEA, VDL-SER-WRKISl 
//DACTPK  DD  XNMrt><HI01.DACTPK,DISP<)LD,U'UT«SY3OA,VDL-SER«<\'RK151 
//EACTSP  DD  DSN-WENHI 01 .  DACTSP,  DISP-OLD,  INIT^YSDA,  VOL-SERMVRK151 
//r^CTOAY  DD  DSNMvENHI  01 .  DACTDAY ,  DI  3  P-OLD  #  IN  IT-S  YSEA ,  VDL«SER«4y,TJCl  5 1 
//WRITE  DD  UNIT-3380 , DSNMVENHI Cl . SASRUN  1 , 

//  DISP*  (NEW.CATLG)  , SPACE* (TRK,  (5,5)  ,RLSE)  ,VX-SERf,00116 
//SAS.SYSIN  DD  * 

DATA  OME;INFILE  DCENTQC; 

INPUT  SPL  2-4  PLT  6  DAY  B  NO  10-11  DATE  12-13  TIME  15-10 
PPM  20-22  MG to  24-26  FLO  28-30  RAIN  32  DET  34  COL  33 
PA  38-40  AT  <2-43  ViT  45-4G  HUM  <8-49  SS  51-53  DG  55-57 
CON  53-51  PCX  63-65  P  67; 

DATA  TWO; INFILE  DWARO; 

INPUT  SPL  2-<  ID  6-7  P  9  WMEK  11-16  WBEN2  18-22  WTOL  25-30 
WEToZ  32-37  WXYL  39-44  WCL2BZ  52-53  WTAUCL  60-66  KZAUGL  70-76 
CVTAB2  73-84; 

DATA  THREL;INriLE  DWCL; 

INPUT  SPL  2-4  ID  5-7  P  5  WMECL  11-16  WCLOR  18-22  WTRIC  24-29 
WB2C  31-35  WTCE  37-41  WBC2  43-46  WPCE  <0-53  KTCUGL  55-61 
WT f£  63-63  WTACBZ  71-77; 

DATA  FOUR; INFILE  DftCTFK; 

INPUT  SPL  2-4  ID  5-7  P  9  CTRIC  11-15  CBENZ  17-21  CTCE  23-27 
CPCE  23-33  CT0LO5-39  CXYL  <1-45  CCLSZ  <7-51  CMEK  85-90 
OlIBK  S2-S5  CTPPM  53-5S  CTmGM  60-65  CZPPN  70-75  CZMOl  77-C2; 

DATA  FIVE;1NFILE  DACTSP; 

INPUT  SPL  2-4  ID  S-7  P  3  CTRIC  11-15  CBENZ  17-21  CTCE  23-27 
CPCE  29-33  CTOL  35-39  CCLBZ  <1-45  OlEK  <7-51  CMIBK  53-57 
CXYL  59-53  CTPPM  65-59  CTKGM  70-75  CZPPM  77-82  CZMGM  84-90 
NOTE  92; 

DATA  SIX;  INFILE  DACTDAY; 

INPUT  SFL  2-4  ID  5-7  P  9  CTRIC  11-14  CBENZ  16-19  CTCE  21-24 
CPCE  26-29  CTOL  31-34  CTPPM  36-39  CTMGrl  <1-45  CZPPM  47-53 
CZMSrt  55-61; 

PROC  SORT  DATA*CNE;  BY  SPL; 

PR0C  SORT  DATA-TWO;BY  SPL; 

PRX  SORT  CATA-THREEjBY  SPL; 

♦PROC  SORT  DATA-FOUR;BY  SPL; 

PRX  SORT  DATA-FIVE;BY  SPL; 

PRX  SORT  DATA«IX;BY  SPL; 

DATA  WRITE. ALL; 

MERGE  ONE  TWO  THREE  FOUR  riVE  SIX;  BY  SPL; 

PRX  PRINT  OATAM4RITE.AII.; 


APPENDIX  4.2 
SASRUN  2 


//WENHIOU  566  (0.K348CH) , 'DUNOVANT  SASRUN 2', 

//  TIME* (0,30) ,REGIQN-256K 
/•ROUTE  PRINT  RMT3 
//  EXEC  SAS7SS 

//WRITE  CD  UNIT*3330,VQL-SER-WE011G, 

//  E6N4VEXHI  Cl  .SASRUN  J ,  DISP*QLD, SPACE*  (TRK,  (5,5)  ,RL5E) 
//SAS.SYSIN  ED  • 

IWYA  ONE; SET  WRITE. ALL; 

PRX  SGRT;BY  PLT; 

PI'X  CORR  DATA4VRITE . ALL ;  VAR  PPM;  WITH  DAY; 


PRX  CORR  DATA^RI  TE .  ALL ;  VAR  PPM 
PKX  CORR  DATA-WRITE.au.;  VAR  PPM 
PRX  CORR  DATA-WR1TE.ALL;  VAR  PPM 
PRX  CGRR  DATAP4VRITE.ALL;  VAR  PPM 
PRX  CORR  DATA4piRITE.AU.;  VAR  PPM, 
PRX  CORR  DATA-WRITE.ALL;  VAR  PPM 
PRX  CORR  EATA-WKITE.ALL;  VAR  PPM, 
PRX  CORR  DATA*\RITE.ALL;  VAR  PPM, 
P!tX  CORR  DATA-WRITE.ALL;  VAR  PPM, 
PRX  CORR  DATA-WRITE.ALL;  VAR  PPM, 
PRX  CORR  DATA4VR17E  .  ALL ;  VAR  PPM, 
PRX  CORR  DATA-WRITE.ALL;  VAR  PPM; 
PRX  CORR  DAT AK*JU TE . ALL ;  VAR  PPM, 
PRX  CORR  DA7A4VR1TE.ALL;  VAR  PPM; 
PRX  CORR  DATA4VRITE .ALL ;  VAR  PPM; 
PRX  REG;  MQCEL  PPM-PLT; 


;  WITH  TIME; 
WITH  FLO; 
KM  RAIN; 
Wm  HUH; 
WITH  DET; 
WITH  COL; 
WITH  Pri; 

WITH  WTAUGL; 
WITH  WTZAUGL; 
WITH  WTABZ; 
WITH  WTCUGL; 
KITH  WTAC; 
WITH  WTAC5Z; 
WITH  CTPPM; 
WITH  CZPPM; 
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APPENDIX  4.3 
SASRUN  3 


//WENHI012  JOB  (0,K348CH) ,'DUNOVANT  SASRUN3', 

//  TIKE- (0 , 30 ) ,RBGION«255K 
/•ROUTE  PRINT  RMT3 
//  EXEC  SAS796 

//WRITE  DC  UNIT-3380 f  VOL*SER«M801 15 , 

//  D6N*VE»HI 01  .SASRUN1, DISPOLD,  SPACE-  (TKK,  (b,5)  ,RLSE) 
//SAS.SYSIN  DD  • 

DATA  ONE; SET  WRITE. ALL; 

PRX  ANOVA  DATAMiCRITE . ALL ;  CLASS  PLT;  MODEL  PW-PLT; 

PRX  CLM  DWAMVRITE.ALL;  CLASS  PLTjMOOtiL  PPM-PLT; 

LSMEAK3  PLT/E  STOERR  PDIfl  ; 

PRX  SORT  DATAH-.’RITE.ALL;  BY  PLT; 

PIOC  CGRR  DATA<v'RITE.ALL;BY  PLT; VAR  PPM;  WITH  DAY— HUM; 

PRX  PLOT  DATAMn’RITE  .ALL  ;BY  PLT;  PLOT  PPM*  (DAY— HUM) ; 

PRX  CGRR  DATA^fRITE.ALL  NOKISS ;BY  PLT;VAR  PPM;KITH  VttEK— CZMGM 
PRX  PLOT  DATAM\'RITE . ALL  ;BY  PLT;  PLOT  PPM*  (hKEK— CZrtGM)  ; 

PTiX  GLK  DATA-WniTE.ALL;CLASS  PLT; 

MODEL  PPM-PLT  FLO  PLT* FLO; 

PRX  GLM  DATA«tt&  TE .  ALL ;  CLASS  PLT; 

MODEL  PPM-PLT  FLO; 

/* 


APPENDIX  4.4 
S  AS  RUN  4 


//«B4»UC1<  JOB  (0,K348CH) ,'DUNOVANT  SASRUN4', 

//  TIM£«<0,30),REGION«1024K 
/•ROUTE  PRINT  RMT3 
//  EXEC  SAS79S 

//WRITE  ED  UNIT»33CO,VOL«SER«MDC11G, 

//  DSN<*MBiHl Cl .SASRUN’I , DI5P"OLD,  SPACE- (TRK,  (5,5), RLSE) 

//&AS.SYSIN  ED  * 

n\VA  ONE; GET  WRITE. ALL; 

PROC  SORT  DAT  ASTUTE.  ALL  ;BY  PLT; 

PROC  GLM;  CLASS  PLT; 

MODEL  PPrt-PLT  FLO  PLT* FLO; 

PROC  GLM; CLASS  PLT; MODEL  PPM-PLT  FLO; 

PROC  CORK; BY  PLT;  VAR  PPM; WITH  WKEK— CZMGM; 

PROC  REG;  BY  PLT; MODEL  PPM-PLT; OUTPUT  OUT-BCTHl  P-PRPPM; 

PRX  PLOT  DATA-60CH I ; PLOT  PPM*PLT  PRPPM*PLT»'*' /OVERLAY; 

TITLE  PREDICTED  VS.  ACTUAL  PPM; 

PROC  REG; BY  PLT; MODEL  CTPPM-PPM; OUTPUT  JUr-COTitt  P-PRCTPPK; 

PHJC  PLOP  EATAH&JTli 2; PLOT  CTPPM*PPM  PHCTPPM*PPM.«,*'/DVERIA.Y; 
TITLE  PREDICTED  VS.  ACTUAL  CfPPK; 

PROC  RLG.-BY  PLT;  MODEL  CZPPN-PPM;  OUTPUT  OUr-eOTH3  P-PHCZPIM; 

PROC  PLOT  DATA-BOmi3;PLOT  CZPPM*PPM  PHCZ PPM*PPM« '  * 1  /OVERLAY; 

TITLE  PREDICTED  VS.  ACTUAL  CZPPM; 

PRX  RE3.-BY  PLT;  MODEL  KTAC-PPK; OUTPUT  OUT-BOTH<  P-PRvTAC; 

PKX  PLOT  DATA*LCrTH ;  PLOT  WTAC*PPM  PfcVTAC*PPM« '  * '  /OVERLAY; 

TITLE  PREDICTED  VS.  ACTUAL  WTAC; 

PROC  REG; BY  PLT; MODEL  WTAUGL-PPN ; OUTPUT  OUT-BCTH5  P-PRVTAUGL; 

PRX  PLOT  DATA*BJTH5;  PLOT  WTAUCL*PPM  FSMTAUSL*PPM-'  *'  /OVERLAY; 
TITLE  PREDICTED  VS.  ACTUAL  WTAUGL; 

PRX  RE3.-BY  PLT; MODEL  KZAUDL-PPM; OUTPUT  OUT-BOTHo  P-PR\7AUGL; 

PRX  PLOT  DATAMBCCH  6;  PLOT  WZAUGL*PPM  PRWZAUGL*PPK-'  * '  /OVERLAY; 
TITLE  PREDICTED  VS.  ACTUAL  WZAUGL; 

PRX  REG; BY  PLT.-MODEL  WIABZ-PPM;  OUTPUT  OUT-BCTH7  P-PR'.TABZ; 

PRX  PLOT  DATA«e0TH7;PL0T  WZABZ*PPM  PR*/TABZ*PPM-'  * '  /OVERLAY; 

TITLE  PREDICTED  VS.  ACTUAL  WTABZj 

PRX  REG; BY  PLTjMODEL  WTC UG L*P?M ; OUTPUT  OUT-BOTHC  P-PR-TCUCL; 

PRX  PLOT  DATA-6CTH& ; PLOT  KTCUGL*PPH  PRETCUGL*PPM«,« '  /OVERLAY; 
TITLE  PREDICTED  VS.  ACTUAL  WTCUGL; 

PRX  REG; BY  PLT; MODEL  WTACBZ-PPM;  OUTPUT  0UT-6CTH9  P-PiWTACBZ; 

PRX  PLOT  DA?A*4JCrrHS ;  PLOT  WTACBZ*PPM  FWTACBZ*PPM«*  • '  /OVERLAY; 
TITLE  PREDICTED  VS.  ACTUAL  WTACBZ; 

PRX  REG; BY  PLTjMODEL  KTACBZ -CTPPM » OUTPUT  OUT-BOTKA  P-PR\TACBZ; 
PRX  PLOT  DATA«£OTIiA;  PLOT  WTAC8Z*CTPPM  PRVW.C8Z *CTPPM-'*' /OVERLAY; 
TITLE  PREDICTED  VS.  ACTUAL  WTACBZ; 

/* 
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APPENDIX  4.6 
S  AS  RUN  6 


//WEMI016  JOB  (0,K34ECH) , 'DUNOVANT  S\SKUN6', 

//  TIME* (0,30) ,REGI0N«1024K 
/•ROUTE  PRINT  RMT3 
//  EXEC  SAS7y3 

//WRITE  CD  UNIT-3320,  VOL-SER^.80116, 

//  DSNHVFNHI 01 .SASRU^  ,DISP-OLD,  SPACE- (TRK, (5,5),RLSE) 
//SAS.SY51N  DC  * 

DATA  ONE; SET  WRITE. ALL; 

IF  PLT-I  THIN  DO; 

FL01-FL0;PPMl-PPM;END; 

IF  PLT-2  THEN  DO; 

FLO  2-FLO ;  PPK2-PPM ;  END  ; 

IF  PLT-3  THEN  DO; 

FLD3-FL0 ;  PPK3-PPM;  END; 

PROC  PLOT; PLOT  P*ll*FL01»*A'  PPM2*FL02«*B'  PPrt3*FL03-*CV 
OVERLAY; 

PROC  C0RR;BY  PLT;VAR  DAY— CZMGM; 

/* 
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APPENDIX  4.7 


J 


SASRUN  7 


//WBMI017  JOB  (0,K348Qi) , 'DUNOVANT  SASR’JN 7 ' , 

//  TIME«(0,30},REGIUN«1024K 
/•ROUTE  PRINT  RMT3 
//  EXEC  SAS796 

//WRITE  DD  UNIT-3380  ,VOL-SER*ieCllS, 

//  DG.MMVENHI 01 . SASRUN  1 , DISP-OLD, SPACE- (TRK,  (5,5)  ,RLSE) 
//SAS.SY3IN  DD  * 

DATA  ONE; SET  WRITE. ALL; 

PROC  CORR  PEARSON  SPEARMAN  KENDALL; BY  PLT; 

VAR  DAY— HUM; 

PROC  CORR  PEARSON  SPEARMAN  KENDALL;BY  PLT; 

VAR  DAY  TIME  PPM  WMEK— CZMGM; 

/* 


\ 
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appendix  4.8 
SASRUN  8 

yMENHIOlS  JOB  (0,K348CH) , *DUNOVANT  SASRUN8', 

7  TIME* (0,30) ,REGI0N*1024K 
'•ROUTE  PRINT  RMT41 
7  EXEC  SAS795 

'AR1TE  ED  UNIT*33D0,VDL*SER^B0116, 

7  DSN 01. S^SRUNl,DISPOLD, SPACE* (TRK,  (5,5)  ,RLSE) 
'/SAS.S1KIN  CD  * 

JATA  OWE; SET  WRITE. ALL; 

TOC  NPAR1KAY;  CLASS  PLTjVAR  CTPPM  CZPPM  CPOL  CTCE  CMIBK  CBENZ; 
3ATA  Ta’O;  SET  WRITE. ALL; 

IF  OSOC  LE  TIME  LE  1200  THEN  AMPM-1; 

IF  1201  LE  TIME  L£  1500  THEN  AMW-.-2; 

IF  1501  LE  TIME  LE  1800  THEN  AMPM-3; 

IF  1C01  LE  TIME  LE  2100  THEN  AMPM-4; 

TOC  GLM; CLASS  PLT  AMPK  DAY; 

10DEL  PPM^AMW  PLT  DAY; 

3A7A  THREE;  SET  WRITE.ALL; 

IF  2  LE  DAY  LE  4  THEN  DOl; 

IF  DAY*1  THEN  DD*2; 

IF  DAY-5  THEN  DE«; 

IF  6  LE  DAY  LE  7  THEN  00-3; 

TOC  GLM; CLASS  ED  PLT  DAY; 

DDEL  PFM-DD  PLT  DAY; 

1\TA  FOUR;  SET  WRITE.ALL; 

TOC  FL07;BY  PLT; 

TOT  PPM*CTOL; 

TOC  PLX-;  BY  PLT; 

TOT  PPM*CTPPM; 

TOC  PLOT;  BY  PLT; 

TOT  PPM* C2  PPM; 

TOC  PLOT;  BY  PLT; 

TOT  PPM*CMIBX; 

TOC  PLOT;  BY  PLT; 

TOT  PPM*CCLBZ; 

TOC  PLOT;  BY  PLT; 

TOT  PPM*CPCE; 

>RX  PLOT;  BY  PLT; 

TOT  CTOL*WTOL; 

TOC  PLOT;  BY  PLT; 

TOT  CTPPM* WIAC; 

TOC  PLOT;  BY  PLT; 

TOT  CBENZnSENZ; 

TOC  PLOT;  BY  PLT; 

TOT  CTCE*WTCE; 

TOC  PLOT;  BY  PLT; 


* 


APPENDIX  5.2 


The  goal  of  this  statistical  program  is  to  find  a  model 
that  fits  well  (i.e.,  small  Chi  Square),  with  as  few  terms 
as  possible.  The  best  fitting  model  is  as  follows: 

109  pPlant-Time -Peak  "  “plant  +  °Time  +  “peak 

+  “plant  Time  +  “plant  Peak 

+  “Time  Peak 

This  model  has  a  Chi  Square  (X2)  of  3.46  with  4  degrees  of 

freedom  which  yields  a  P  <0.005. 

If  the  plant-peak  term  is  eliminated,  there  are  only  4 

2 

degrees  of  freedom  with  a  X  diff  «  54.18  as  follows: 

(17)- (16)  «  X2  diff  -  57.64  -  3.46  ■  54.18}  df  -  4 
Therefore,  the  plant-peak  term  must  be  retained  since 
P  <0.005. 

If  the  plant-time  term  is  eliminated  the  result  is  as 
follows: 

(17)- (15)  -  X2  diff  -  4.32  -  3.46  -  0.86;  df  -  2 
This  X2  diff  is  not  significant  and  the  plant-time  peak  can 
be  eliminated.  This  yields  the  following  model: 

109  PPlant-Time-Peak  “  +  UTime  +  “p.ak 

*  “piant-Peak  +  “Time  Peak 

2 

The  x  for  this  model  alone  is  also  very  small  which  indicates 
a  good  fitting  model. 

This  simplified  model  indicates  that  all  first  order  in¬ 
teractions  between  plant,  time  and  peak  must  be  considered 
except  the  interaction  of  plant  with  time. 
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